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THE BIOLOGIC DIGESTION OF GARBAGE 
WITH SEWAGE SLUDGE 


I. IntTRopucTIon 


1. Objects of Tests—The water carriage method of garbage col- 
lection may be expected to place an added load upon sewage treat- 
ment plants, to increase stream pollution, and possibly to offer a new 
and satisfactory method for the collection and disposal of garbage. 
The problems thus created will affect the work of sewage treatment 
plant operators, public officials, authorities responsible for the protec- 
tion of the purity of natural water courses, and others. These prob- 
lems involve the capacity and ability of plumbing systems and sewers 
to convey ground garbage suspended in water, the nature of the load 
placed upon sewage treatment plants and water courses, and the 
economics of the method. 

The objects of these tests were to study the nature and intensity of 
the load placed upon sewage treatment plants and water courses, the 
capacity of digestion tanks to carry this load, and the division of the 
load between primary and secondary forms of treatment in a sewage 
treatment plant. Studies were restricted principally to the digestion 
of garbage with fresh sewage sludge, and to methods for the dosing of 
digestion tanks. 


2. History and Experience——Probably the earliest serious attempt 
to dispose of garbage through a sewage treatment plant was made by 
C. R. Fox and W. S. Davis at Lebanon, Pa., in 1923.1 ?* United States 
patent Number 1 543 154, filed July 28, 1923, has been granted on the 
process. So little attention was paid to the process at the time of its 
introduction that no mention of it is made in the exhaustive discus- 
sion of methods of garbage disposal? in the Transactions of the Ameri- 
can Society of Civil Engineers in 1927. 

In 1928 Rudolfs and Heukelekian working‘ with vegetable wastes 
resulting from the screening of sewage concluded that “the digestion 
of vegetable waste in treatment plants receiving domestic sewage is 
possible, but that it will require not only an increase in digestion 
capacity equivalent to the increase in weight of solids to be handled, 
but also a larger digestion capacity on account of the slower rate of 
digestion. Anaerobic digestion of vegetable wastes and possibly of 
garbage is possible, but takes a longer time, probably due to the fact 
that the amounts of nitrogenous substances are low and the produc- 


*These numerical indices on this and following pages refer to the correspondingly numbered 
references in the List of References, Appendix F, p. 106. 
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tion of acid substances is great. The low quantity of nitrogenous 
substances results in a poor nitrogen-carbon relation which affects the 


proper growth of organisms responsible for decomposition. Ordinarily 


organisms active in the decomposition of mixed organic substances, 
like sewage solids, are depressed by acid conditions. An incorrect 


N-C ratio results in an acid medium and odors are intensified. The 


acidity can be corrected by the addition of lime, but the quantities — 


required are large. At present it does not seem that separate diges- 
tion of mixed carbonaceous vegetable matter is economical. But, if 
sufficient sludge digestion capacity is available, such vegetable waste 
can be decomposed readily in plants treating domestic sewage, with- 
out upsetting the digestion activities. There is no doubt that, with 
intelligent control and sufficient capacity, vegetable waste can be 
handled, but further experiments will have to show the limit of such 
addition. Vegetable wastes, high in N content, as bean and pea waste, 
may digest quicker than low N content vegetables.” 

Studies of the digestion of garbage with sewage sludge were com- 
menced by Fair® in 1928, but the results were not published until 1934. 
The thermophilic digestion of garbage with sewage solids, principally 
in connection with the Becarri process of garbage disposal, is discussed 
by Hyde? in 1932. 

In 1931 the Massachusetts Institute of Technology Division of 
Municipal and Industrial Research stated’ concerning disposal of 
garbage with sewage: “This method is applicable to garbage, but only 
where a satisfactory treatment plant is available. The garbage is 
ground up and fed into the municipal sewage supply, in amounts 
insufficient to interfere with the efficiency of the sewage treatment 
plant. The process has only a limited application at the present time?’ 
The American Reduction Corporation was organized in 1931 “and 
acquired from Dr. G. H. Earp-Thomas the rights to the use of his 
patented process for the depuration of garbage, sewage, and tankage 
and the manufacture of fertilizer therefrom.” The process is covered 
by the Earp-Thomas patent application Serial No. 570 757. , 

A report of the practical application of the water carriage method 
for the collection of garbage on a large scale was made by Keefer® as a 
result of experience with a 100-ton garbage grinding unit in Baltimore 
in 19338. The possible effect of placing this load upon the Baltimore 
sewage treatment plant had previously been studied by Keefer and 
Kratz.? Cohn,’° in Schenectady, reported upon the presence of waste 
food on the screens, and suggested the possibility of the digestion of 


greater loads of such material if seeded with digested sludge and 
maintained with a neutral reaction. 
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| Investigations of the possibilities of the disposal of garbage through 
Sewage treatment plants were commenced at the Engineering Experi- 
ment Station of the University of Illinois in March 1934. 
Calvert and Bloodgood have carried on laboratory tests on the 
digestion of garbage and Calvert has disposed of ground garbage on 
a large scale into the sewers of Indianapolis which lead to the aeration 
plant of the Sanitary District of Indianapolis. Results of these tests 
and experiences were reported before the Central States Sewage Works 
Association in Urbana; Illinois, in October 1935.1 Recent experience 
in the disposal of garbage with sewage has been reported from Dur- 
ham, N. C.” and Baltimore, Md.;* !* Bloodgood, in 1936, reported 
the results of an investigation of the digestion of garbage with acti- 
vated sludge at Indianapolis. 

In 1935 the city of St. Louis, Mo., installed a garbage grinding 
plant to deposit 300 tons of ground garbage daily into the Mill Creek 
sewer. 16 This mixture of garbage and sewage is discharged, un- 
treated, into the Mississippi River. 

The amount of attention given to the water carriage method for 
the collection of garbage has been progressively increasing, as evi- 
denced by the articles appearing in the technical press. Interest upon 
the part of the public has been aroused through the introduction, in 
1934, of an electrically operated device known as a waste food 
grinder, which makes possible the disposal of waste food (garbage) 
through the kitchen sink and the house plumbing. Results of more 
than a year of experience with these devices in twenty different homes 
are reported by Cohn.*? 

The disposal of garbage into sewers has not yet become popular 
abroad. An intensive review of French, German, and Italian technical 
literature has revealed no description of an investigation of, nor 
practice of, the water-carriage method of garbage collection, nor of the 
disposal of garbage by anaerobic digestion with sewage sludge. 

Keefer!? summarizes the status of the procedure of the disposal of 
garbage into sewers with the statement: 

“Tt is difficult to predict whether there will be a general tendency 
in the future to adopt such methods as those described here. It is 
advisable that laboratory work be continued, and its results be 
checked more extensively on a plant scale. However attractive the 
combined treatment of garbage and sewage may appear in certain 
instances, it should be adopted only after the most careful study.” 


3. Other Investigations —Early investigations, the results of which 
are useful in the study of the disposal of garbage in sewage treatment 
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plants, were directed mainly towards the recovery of by-products — 
from industries producing organic wastes, or methods for the disposal 
of such wastes. Probably the earliest studies of which record is avail- 
able are those of Popoff!® who, in 1875, showed that methane, carbon — 
dioxide, and sometimes hydrogen arise from sewage sludge diluted 
with water. Popoff is credited also'® with the earliest work on the — 
digestion of cellulose with sewage sludge. In spite of Popoff’s early 
work little or no progress was made until the past decade in the utili- 
zation of biological processes in the recovery of by-products from 
organic wastes or the disposal of such wastes. 
In 1923, the same year that the first recorded attempts were made 

to dispose of garbage with sewage, Bach and Sierp*® studied the — 
decomposition of a variety of typical food substances such as are 
likely to be present in domestic wastes. Rudolf and associates,” *° in 
1927 and 1929, and Heukelekian?! reported upon the digestion of pure 
food substances with sewage sludge, finding marked differences in the 
characteristics of the digesting mixtures which contained dissimilar 
food materials. 


4. Testing Plant and Equipment—The Sewage Testing Plant of 
the University of Illinois is located on the campus and is so situated 
as to take its supply of sewage from the 30-in. main outfall sewer of 
the city of Champaign. A low dam in a manhole in the outfall sewer 
diverts a portion of the sewage into a 4-in. and a 6-in. vitrified clay 
pipe, each about 240 feet long, terminating in a sump in the main 
building of the testing plant. The sump into which these two sewers 
discharge was made as small as possible, by means of partitions, to 
reduce to a minimum the settling of sewage at this point. Two 2-in. 
electrically-driven centrifugal pumps distribute the sewage through 
black iron and galvanized pipes, 2-in. and smaller, to the various 
devices throughout the plant. All effluents and drainage from the 
plant are returned to the Champaign outfall sewer. A plan of those 
parts of the testing plant used in these tests is shown in Fig. 1. 


f 


5. Tanks.—Four circular wooden tanks, each approximately 10 ft. 
in diameter, with conical bottoms, were used for the principal large- 
scale tests. These tanks are marked A, B, C, and D on Fig. 1. Tanks 
A and B are approximately 28 feet deep, and tanks C and D are 
approximately 17 feet deep. The two deeper tanks are equipped and 
operated as Imhoff tanks. Dimensions and details of these tanks are 
shown in Figs. 1 and 2. A small amount of fresh sludge was sometimes 
collected in tank F and in 50-gallon, metal oil drums. Modifications 
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Fic. 2. ARRANGEMENT OF TANK C For TWwo-STAGE DIGESTION 


which were made of the arrangements of the interior of tanks A, B, 
and C for the various tests are described in conjunction with the 
discussion of each test series. Tank D was used at all times as a plain 
sedimentation tank, arranged as shown in Fig. 3. 

Small-scale digestion tests were made in 50-gallon oil drums, in~ 
5-gallon glass carboys, and in one-gallon and two-gallon glass bottles. 


6. Garbage Grinding.—Garbage was ground in a farm-type grain 
grinder, using roughened, flat steel plates between which the particles 
were partly cut and partly crushed. The device, driven by a one 
h.p. motor, was capable of grinding about 100 pounds of garbage per 
hour, exclusive of large bones and other large objects which were 
picked out by hand. During the operation of the grinder the full 
time of a man was required to hand-pick the garbage and feed it into 
the machine. 

The sizes of the ground particles were such that practically all 
particles could be washed through a %4-in. mesh sieve, and approxi- 
mately 50 per cent, by weight, of the dry solids were retained on a 
74o-in. mesh sieve when an attempt was made to wash the ground 
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Fig. 4. Gratin GRINDER USED FOR GRINDING GARBAGE 
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Fic. 5. Meat Grinper USeEp For 
GRINDING GARBAGE 


garbage through the sieve. An illustration of the garbage grinder is 
shown in Fig. 4. In a few instances in which finer grinding was 
desired the material from the large grinder was put through a domestic ™ 
meat grinder of the type illustrated in Fig. 5. The material passing 
through this grinder was pushed through a steel plate containing 
circular holes *4¢-in. in diameter. 


7. Gas Collection Equipment—In some of the tests tanks A and 
B were roofed for the collection of gas, as illustrated in Fig. 1, and in 
all of the tests tank C was so equipped that gas could be collected 
separately from the primary and from the secondary compartments, 
as illustrated in Fig. 2. The gas was collected in batteries of gal- 
vanized iron gasometers as shown in the figure. The gasometer domes 
were counter-balanced so that they would move up or down with a 
gas pressure of less than 14-in. of water. For a few days towards the 
end of the tests the gasometers were supplemented by a standard type 


22 


of wet gas meter.*? The brine solution used to seal the gasometers 
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and the meter was never changed, small quantities being added as 
needed to maintain the seal. As shown by the test reported on page 
78 the loss of methane through this seal was insignificant, and when 
the gasometers were emptied daily the loss of gas was insufficient to 
affect the interpretation of the results. 

Galvanized iron and black iron piping were used for conveying 
gas from the tank to the gasometers. It was found that %4-in. piping 
was inadequate in capacity to carry the sudden bursts of gas coming 
from the tanks. A back pressure resulted on the gas domes which 
occasionally confined the gas under them to such a degree that some 
escaped until the difficulty was remedied. The situation was aggra- 
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vated through the clogging or even stoppage of the gas pipes by froth 
or scum which was blown into them during periods of violent ebulli- 
tion. The difficulty was overcome by using larger gas piping, up to 
1% inches in diameter, and by placing a foam trap in the gas line from 
the most troublesome points. | 

Gases were collected from the cask, carboy, and bottle experiments 
in a similar manner, as illustrated in Fig. 6. Glass tubing and rubber 
hose were used for the collecting pipes, and either metal or glass 
gasometers for temporary storage. 


8. Sampling—Samples of raw sewage and effluents from tanks A 
and B were collected hourly by an automatic device. Twenty-four 
equally-sized samples were mixed to represent a composite sample of 
the day’s flow. The automatic sampler operated as follows: é 

Twenty-four tin containers, each with a capacity of about 200 cc. 
were equally spaced on the perimeter of a circle on a table driven by 
a mechanism which caused it to move intermittently 44,th of a revolu- 
tion every hour. Glass containers were found unsuitable because of 
breakage due to freezing. The motion of the table was controlled by 
an escapement rachet, similar to a clock mechanism, in such a manner 
that each hourly movement of the table was completed in about 30 
seconds, one-half of the distance being moved suddenly; then there was 


19 


BIOLOGIC DIGESTION OF GARBAGE 


Cd XNV I, Woud aoan Tg ONIIdWvg INV —) ANVI, DNIDYUVHO WOd LNAWHONVEUY ONIdIq °8 ‘Oly 


PT AUOL 
LO, PBOUWY.S 
Ol THAD BuyoyAIUg 


bella 
G Yue WOMLO/PIMID Of 


“nn 


2 yueL 


ie 


WRVALMYLLIOD OtUIsOT tod] 


MAA ¢10L/ 
BUA UO, 2, YUL 


“nw 


20 ILLINOIS ENGINEERING EXPERIMENT STATION 


a pause for 30 seconds, followed by a quick jerk to complete the move-. 
ment. This liquid to be sampled was allowed to run continuously from— 
the pipe, the end of the ~’ being so fixed that for 59% minutes the 
liquid fell directly upon .ne table, between two sample containers, 
and wasted away through the drain. During the half minute of 
interruption of the hourly movement of the table, a container came 
directly under this stream and was filled to overflowing. The table 
was sufficiently large to permit the collection of three samples simul-_ 
taneously. The streams of raw sewage and tank effluents were diverted 
to the automatic sampler, as illustrated in Fig. 7. 

In the routine sampling of other materials the procedure was as 
follows: Supernatant liquor and digested sludge were sampled from — 
the sludge compartments of tanks A and B by inserting the end of a 
suction hose from a pitcher pump to the desired depth in the tank, and | 
pumping until a flow of the representative material came from the 
pump. The material was caught in a glass or metal container and 
taken to the laboratory within an hour after collection. Samples of 
e the liquor in the secondary compartment of tank C and of the sludge 
t from tank D were taken from the discharge pipe of the circulating 
pump, shown in Fig. 8. Samples of the primary compartment of tank 
| C were drawn from a pipe shown at A in Fig. 9. The pipe was well 
| cleaned before the sample was drawn. 

Gas samples were collected by displacing the water, previously 
saturated with gas, from 250 cc. gas pipettes inserted in the discharge 
| line from the gasometers. 

When samples of garbage were taken, a large tub of ground 

garbage was mixed thoroughly by turning with a spade until the con- 
tents were uniformly mixed. Then a small sample of about one-half 
pound was taken to the laboratory. A representative portion of this 
sample was taken in the laboratory for the determination of solids 
and of grease, or ether soluble matter. | 


9. Source and Quality of Sewage-——The sewage used in these tests 
is characteristic of a strong domestic sewage, free from industrial 
wastes, and receiving large quantities of ground water in wet seasons. 
It is diverted from the 30-in. Champaign outfall sewer by means of 
a low dam in the bottom of the sewer. This tends to concentrate 
settleable solids and inorganic matter in the sewage received at the 
testing plant, as such material cannot easily escape over the diver- 
sion dam in the sewer. Some of the suspended matter and most of 
the floating particles are not diverted to the sewage testing plant, 
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particularly during high flows, as they escape over the diversion dam. 
In pumping the sewage through the plant, large solids are broken up 
and the settleable solids content is reduced. Analyses of 32 composite 
samples of sewage taken during the period Feb. 6 through April 15, 
1936, are averaged in Table 1. The composite samples were collected 
by taking hourly samples of equal volume and combining the 24 
samples to represent the quality of the sewage entering the plant. 


TABLE 1 


QuaLity or SEwace Used 1n TESTS 
32 composite samples 


Average Maximum Minimum 
Ota SOlIGS;s D!D AN vaio csc cea oe wis) d wieir so staces es 1200 3100 610 
Wolatile SOMGS) D.D-Issive oo .ciein sc +50 oie 646 1765 208 
BOLD Seay DOI GCRTEG s sieis aloe thas siolgisicrsiais 312 650 100 
BPE Metet atatatersieteroretaretaeielniste so Ya/aleseiseche eps’ 9\s ares Aer, 7.6 hess 
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TABLE 2 


TypicaL ANALYSES or GrounD GARBAGE AND oF FresH StupGE USED IN 
NVESTIGATION 


Garbage Sludge 


Total solids, per cent. .6 . sio5-010,60 06012 50 30.4 36.4 24.2 i Wg 4.3 0.4 
Volatile solids, pericent. 3... 0.0-0-ss-808 28.5 33.8 22.4 1.2 Dak 0.25 
Dry weight ether soluble, per cent........ 28.4 54.3 16.4 23.8 37.7 6.2 
Total Nitrogen, per cent dry basis........ 2.21 2.10 Pree Ras 


As a rule the strongest sewage reaches the experimental plant from 
about 10 a.m. to 1 p.m., and the weakest between 3 a.m. and 6 a.m. 
During the latter period the sewage is largely ground water which 
has filtered into the sewer. 

Although there is a marked fluctuation of the rate of flow in the 
sewer during any 24-hour period, no allowance was made for this 
variation in the rate of dosing the various tanks. It was felt that 
such a refinement in the rates of dosing of the tanks was unnecessary, 
as the purpose of the tests was to find the effect of the addition of 
waste food to tanks dosed with sewage. Variation of the rate of flow 
of sewage would result only in changing the strength of the sewage 
added to the tanks. 


10. Source and Quality of Garbage—Garbage for the tests was 
collected by private scavengers from restaurants, boarding houses, 
residences, and similar establishments in the University district. It 
might be classified as “clean” garbage in that it was free from any 
materials other than waste food. The specifications were that the 
material must be “fit to be fed to a hog.” This waste food was de- 
livered daily to the testing plant. It was usually delivered the same 
day as collected and, except in extremely inclement weather, was 
comparatively fresh. 

The garbage, as received in galvanized iron barrels, was dumped 
into a container with a perforated bottom, which permitted excess 
moisture to drain away from it before the material was hand-picked to 
remove inorganic and inedible materials and large lumpy objects that 
would not go through the grinder. One result of this procedure was 
that the material put through the grinder and used for subsequent 
digestion tests was probably richer in putrescible organic matter than 


the average municipal garbage. Analyses of the ground garbage are 
given in Table 2. 


: 
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11. Source and Quality of Sludge—Fresh sludge was collected in 
tank D, a plain sedimentation tank equipped as shown in Fig. 3. The 
‘rate of flow of sewage into the tank was controlled by an orifice upon 
which a constant head was maintained. The retention period, as 
computed on the basis of the time to displace the full volume of the 
tank, was normally about 4% hours. The sludge was removed from 
the tank by hydrostatic pressure aided by pumping, and was forced 
through pipes into the control box used to regulate the dosing of 
the separate sludge digestion tank, tank C. 

Sludge was never allowed to remain in tank D longer than three 
days, and additional fresh sludge, collected by plain sedimentation in 
other small containers, was never more than three days old when put 


into tank C. Some typical analyses of fresh sludge are shown in 
Table 2. 
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Il. DicEesTION oF GARBAGE SOLIDS SEEDED WITH SEWAGE SLUDGE 


A. Batch Digestion of Ground Garbage with Sewage Sludge 


13. Purpose—Preliminary batch tests were conducted in a study 
of the following: suitable types of digestion equipment for use in the 
laboratory and in the experimental plant; desirable routine observa- 
tions; the best ratio of garbage and sewage solids in a mixture; and to 
develop such other conditions as might affect the final tests. 


14. Procedure—The preliminary tests were conducted on mixtures 
of garbage and sewage sludge made up in batches and allowed to 
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stand in the digester, without the addition of fresh solids, until the 
completion of the observations. These have been called “batch” tests, 
to distinguish them from the more practical tests in which periodic 
feeding of the digesters was practiced. After the batches had been 
made up and put into the digesters the temperature of the surround-_ 
ing atmosphere and the volume of gas produced were observed periodi- — 
cally for all of the containers, and the small samples of material with- _ 
drawn from a few of the containers were analyzed periodically for ® 
the total and volatile solids, pH, and physical characteristics such as ‘ 
color and odor. : 
Different preliminary batch tests were made as follows: By 
Series 1. In this series approximately 1.5 liters of a mixture of garbage and | 
sewage sludge were placed in white glass bottles, each with a capacity of 2.5 — 
liters. The following percentages of total garbage solids were placed in the 
respective digesters: 92.3, 78.3, 65.5, 47.3, and 37.6. The bottles were connected : 


with gasometers, as illustrated in Fig. 6, and were-allowed to stand undisturbed 
for 55 days from May 3 to June 27, 1934. 


(Bottles 12-15) 


Series 1a. Similar to Series 1. Period of digestion, 32 days, from May 22 to 
June 23, 1934. 


(Bottles 31-35) 


Series 2. Similar to Series 1. The percentages of garbage volatile solids in the 
respective digesters were 94.3, 85.5, 81.1, 68.1, and 43.8. The bottles were allowed 
to stand undisturbed for 39 days, from May 15 to June 23, 1934. 


(Bottles 21-25) 


Series 3.* Similar to Series 1. The bottles were allowed to stand undisturbed 
for 106 days from Dec. 12, 1934, to March 28, 1935. 
(Bottles 13-18) ~ 
8 
Series 4.* Similar to Series 2, except that the bottles were inverted, i.e. turned 
through 180 degrees, twice daily. Observations were made over a period of 106 
days, from Dee. 12, 1934, to March 28, 1935. 


(Bottles 19-24) 


Serves 5.* Similar to Series 2, except that the volume of the batch used was 
20 liters and the digestion tanks were 208-liter metal soap or oil drums placed on 
their sides. Observations were made over a period of 303 days, from Dec. 11, 
1934, to Oct. 10, 1935. 


(Barrels 1-6) 


Series 6.* Similar to Series 4, except that the material within the digesters 
was stirred frequently (except when frozen) by means of the device illustrated in 
Fig. 6. Samples were withdrawn weekly, after a thorough stirring of the tank 


a : ; : ‘ F 
same de in Series 3, 4, 5, and 6 were charged with the same materials from the 
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| contents. Observations were made over a period of 303 days, from Dec. 11, 1934, 
| to Oct. 10, 1935. 


(Barrels 7-12) 
} 

Series 7. Similar to Series 1, except that a mixture of garbage and well- 
digested Imhoff sludge was used, and the bottles were well shaken frequently, 
‘each time preceding a reading of the volume of gas generated. The period of 
observations was 83 days, from April 20 to July 12, 1985. (Bottles 31-40, 
: second time these numbers were used). 

Series 8. Similar to Series 6, except that the garbage was seeded with various 
kinds of sludge. The period of digestion was 196 days, from April 3, 1935, to 
Oct. 16, 1935. 

(Barrels 25-30) 


The atmospheric temperatures experienced in Series 1, 2, 7, and 8, 
which were conducted during warm weather, seldom fell below 70 
deg. F. In Series 3 and 4 freezing temperatures were approached, and 
during the greater portion of the period temperatures below 60 deg. F. 
were experienced. In Series 5 and 6, which were started in the winter, 
cold and freezing temperatures were common, the material in the 
digestion container being frozen solid for four to six weeks. During 
the latter part of the test, however, temperatures between 70 and 100 
deg. F. prevailed. No conclusions have been drawn from the results 
of Series 3, 4, 5, and 6 because of the low wemipeE sures to which they 
were aiisjected: 

All of the garbage in the batches was ground in the domestic food 
grinder, shown in Fig. 5, the material being forced through a steel 
plate with %4.-in. circular perforations. 

Gas was led through glass and rubber tubing to inverted glass 
bottles or steel drums, used as gasometers. These gasometers were 
filled with and immersed in a saturated brine solution which acted as a 
gas seal. The equipment is illustrated in Fig. 6. Routine procedure 
during the progress of the test included: 

(1) The measurement of the rise of each gasometer 

(2) The release of the gas and replenishing of the gasometer 
with brine 

(3) The observation of the atmospheric temperature in the 
room 

(4) Inverting the bottles of Series 4, twice daily 

(5) Frequent stirring of the digesters of Series 6 and 8 

(6) Weekly sampling and analyzing of the contents of the 
digesters of Series 6 and 8 

(7) Frequent shaking and observation of gas produced in 
Series 7 


i RE 
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TABLE 3 
Barcu TrEsts—SuMMARY OF OBSERVATIONS 


Series 1.—Bottle Numbers.............-.4+- 12 Wy 13 14 
Total weight of mixture in grams.......... 810.9 1211.6 873.3 1038.7 
Total See of dry solids in mixture at start, 


nd Shelohie lee saroraral esse ats Ioupints tbupharatetacs 115.2 129.8 76.1 71.9 
thos e pacida ercentage of total solids in 
ie age solids, sie RIA ROE Ok Sie 92.3 78.3 65.5 47.3 
Total solids in mixture, percentage at start.. 14.20 10.62 8.72 6.92 
Total solids in mixture, percentage at end.. 9.20 6.97 7.29 9.72 
Reduction of total soli 8, approximate per- 
centage on dry basis...............+-- 35 35 Tf Seize ee 
PUECAU AGATE. ices) sence ts aieitlshelsnemata(nieiatats aiatelars 6.0 6.0 5.8 5.4 
PHvabiend Gish. crc aein ca slams ow eeliala aisros w Sea Bios Nie siacaud 5.0 5.4 
Volume of gas per gram total solids at start, cc. 0 68 61 0 
Series la.—Bottle Numbers...............-- 31 32 33 34 
Total weight of mixture in grams.......... 1018.1 993.9 1029.0 1018.1 
Total weight of dry solids in mixture ai start, 
BVATISS Gens ois'sscelclvateteansvone visteiearareaisre 172.3 143.4 134.5 121.2 
Total solids in mixture, percentage at start.. 17.0 14.6 13.1 11.9 
Garbage volatile solids in mixture at start, 
percent, dry basisinc Gece ceus gee ce 94.3 85.5 80.1 69.9 
Volatile solids in mixture at start, grams....| 153.4 120.3 117.5 92.0 
OEURAU- BUA Ge reads cele cre mre aiake Sele a Metenel PES a ate ma OMS s ce 4.2 4.2 
Volume of gas per gram of volatile solids at , 
BUST CGielk a foe tenn Osis c uote Wve gle es trace 72 63 84 
Series 2.—Bottle Numbers.................. 21 22 23 24 25 
Total weight of mixture in grams.......... 1060.8 1030.8 1075.9 p Me We Bi 1034.3 
Total weight of dry solids in mixture at start, 
VAIS Getade oer tence gare ame ire Cease arate 181.8 157.5 152.0 134.0 100.0 
Total solids in mixture, percentage at start, 
WO UD ASIS ya crt vnettelaltuisisrenileces Sis tro sled ee La 15.3 14.1 12.0 9.7 
Garbage volatile solids in mixture at start, 
per cont, dry DSsis.n .c.s<sernsase ss oe 94.3 85.5 81.1 68.1 43.8 
Volatile solids in mixture at start, grams. 151.5 126.9 118.5 99.6 67.1 
Volume of gas per gram of volatile solids at 
BUBTE, COi eres are. oR cusionater dt actions ane cretee trace 40 trace 45 31 
Total weight of dry solids at end, grams 
ABD DLOKAS 5 gists Metereune oo Sete ets Rigas 146.3 84.0 62.4 104.3 137.3 
DEL AGED 6 bait agn santas cain care eae Re enh Semen O50 6d eek ore 5.0 2 
Reduction of total solids, per cent (approx.). . 20 47 | 59 22:1) CSRs 


15. Results and Conclusions—A summary of the results of Series» 
1, 2, 7, and 8 is shown in Table 3, and a graphical record of gas pro- 
duction in Series 7 is given in Fig. 10. Although the results appear 
anomalous the purposes of the tests were accomplished. 

The results of Series 8 demonstrated the lack of correlation 
between pH and volatile acids, and the fact that either index might 
indicate unsatisfactory conditions of digestion. It was assumed that 
one of the principal causes of the acid digestion experienced in these 
tests was the relatively high concentration of solids in all of the 
batches and, as a result, this concentration was generally held lower 
in subsequent tests. 

It was concluded that the seeding of the garbage with sludge could 
be satisfactorily accomplished if 10 per cent or more of the volatile 
solids in the mixture represented sludge volatile solids. In subsequent 
tests the percentage of sludge volatile solids used was more nearly 40 


BIOLOGIC DIGESTION OF GARBAGE 


TaBLE 3—(Concluded) 
eee 


peries 7.—Bottle Numbers. ............s00006 31 32 33 34 35 
_ Total weight of mixture in grams.......... 3230 2985 317 
Total weight of dry solids in mixture at start, , 12 oe: 
(gD Te dit 6 Soc oc.s Ce eg Coen Moca mee 293 271 288 246 323 
_ Total solids in mixture, percentage at start. . 9.07 9.07 
_ Garbage eoeus ee in mixture at start, pe aa! ee 

er eent, dry, Dass. Soe. elect cscss 12.8 12.8 25. 
Volatile solids in mixture at start, grams....] 185 171 189 166 220 a 
Volatile solids in mixture at end, grams..... 84 39 36 37 57 
Reduction of volatile solids, per cent... .... 81.6 Pithee? 81.0 7A 74.1 
Volume of gas per gram of volatile solids 

CLERTEG MOGsae Renee Cae oe neal oe 357 187 304 345 124 
EMAL startet ere sok ie Coenen le stone We a eee Ama tel) cavscteaelle, HSaeers 
BEER G (CNG Ae eras ewatsrcn eros wk ace stare 7.6 7.6 TEB 7.6 7.4 

Series 7.—Bottle Numbers. ................. 36 37 38 39 40 
Total weight of mixture in grams........... 2945 3340 3252 3162 2755 
Total weight of dry solids in mixture at start, 

(ani Se SBiae ance Soatn ems IOP Oreos 311 420 408 480 418 
Total solids in mixture, percentage at start. . 10.56 12.58 12.58 15.20 15.20 
Garbage volatile solids in mixture at start, 

MOOR CENT OU VEDASIN cs or \eiciis sts ccid ee ou ocn 25.0 45.0 45.0 67.5 67.5 
Volatile solids in mixture at start, grams....| 212 310 302 384 335 
Volatile solids in mixture at end, grams..... 69 238 203 278 232 
Reduction of volatile solids, per cent....... 67.4 22.4 SG 27.6 30.9 
Volume of gas per gram of volatile solids 

PCRECRIOE RN. ease eee ee ae nae 103 34 35 38.5 PETE 
PIER STAC US ven Tee iioe ioc ce ctsielinmerceee Wl Sioey Nee |) Maciel m asia oll. eee s 
fp Pe OTe Semi teta cy teteyatle ase isin s ea otos 7.4 5.0 4.8 4.6 4.7 

eres! o,——bDarrel Numbers. 92. cte<< 0 +e cess 25 26 27 28 29 30 
Kind of sludge used for seeding............ (1)* (1)* (2)* (2)* (3)* (3)* 
Total weight of mixture, kilograms......... ae 77.1 hdd Vik died ride 
Total weight of dry solids in mixture at start, 

RIV ote terete Cie GOW nae aes Sie ew cise Sin 4920 4920 5940 5940 1700 1700 
Total solids in mixture, percentage at start. . 6.36 6.36 7.70 7.40 2.20 2.20 
Garbage volatile solids in mixture at start, 

: Mer Cent, Ary DAaSIS, yijco esc ee eco c's 71.0 71.0 73.5 73.5 65.7 65.7 
Volatile solids in mixture at start, grams... .| 4000 4000 5020 5020 1400 1400 
Volatile solids in mixture at end, grams..... 1620 880 1120 1320 Dayne anche 
Reduction of volatile solids, per cent....... 59.5 78.0 aad 73.7 
Volume of gas per gram of volatile solids 

IPOSU ECS CONE tants orens oe ols nie eleim ous 3 aKa aise es an +e 
PELE ALIS UAE bac atacaccion oie cowl olereke eile s ieiov= a's¥o\e 28bo Siar aes me ae oe 
Eat end ype Meer rcekewte @ einleiawlotele aicias 7.8 8.4 7.4 (fees) 8.0 7.8 
Volatile acids at start, p.p.m............... 3000 2640 2500 2400 1670 2310 
Volatile acids at end, p.p.m................ 450 1160 2810 3160 430 220 
Volatile acids, maximum observed, p.p.m....| 3120 3260 3900 4280 1680 2330 
Grease, percentage of dry samples at end... be 18.0 hens, 7.92 6.82 


*(1) is digested sludge, (2) is fresh sludge, (3) is activated sludge. 


to 50 per cent, approximating conditions to be expected in the opera- 
tion of a sewage treatment plant receiving garbage. 
The impracticability of digesting organic solids by batch digestion 
was emphatically demonstrated by the results of these preliminary 
tests. It was not always certain that the proper seeding of the batch 
was accomplished; some batches were slower in digesting, the reduc- 
tion of volatile solids was low, and the volume of gas generated was 
low. Acid conditions, once established, were slow to change. The 
break in the curves in Fig. 10 between 20 and 30 days indicates that, 
when good digestion was possible, ‘digestion approached completion 


in this period. 
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oF GARBAGE SEEDED WITH WELL-DicEsteD IMHoFrF TANK SLUDGE 


TABLE 4 


OpERATING Data on Tanks A AND B Durina PERIOD oF APPLICATION OF GARBAGE 


to Digestion COMPARTMENT OF TANK A, SERIES 2 


Rate of flow of sewage through Tank A and Tank B..................... 
Period of retention in flowing-through compartments of each tank 
Velocity of flow in flowing-through compartment. ...........0..0seeeeees 
Capacity of sludge digestion compartments of each tank 


Sludge storage capacity of each tank, basis of 6 months between cleanings. . . 
Rate of addition of garbage to Tank A: 
Wietigarbage- added per dav... ...<.c1me smsescleies aera hm sieisiene aiatoenitie ere 
Wet garbage per mill. wal. of sewage. t..6 cise ce cece tenets sccecess 
Wet garbage per day per cu. yd. of sludge storage capacity, ............ 
Duration of test, from Nov. 27, 1934 to April 29, 1935 


B. Dosing of Imhoff Tanks with Ground Garbage 


16. Procedure —Tanks A and B, which are illustrated in Fig. 1 and 
are identical in construction, were used in this test. The procedure 
followed was to dose both of these tanks with the same quality and 
quantity of sewage, and to apply the garbage dose to one of the tanks 
in addition to the sewage. Through this procedure the difference 
between the results observed from the tank receiving garbage and the 
tank not receiving garbage could be attributed to the effect of the 
garbage. Tests were made of each method of dosing. 


31700 gal. per day 
2 hours 

5 ft. per hr. 

40 cu. yd. 


914 cu. yd per mill, gal. 


105 pounds 
1.65 tons 
2.6 pounds 
154 days 
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Fig. 11. Dostne TANK FoR 
Tank A 


(1) In the first series of tests, made to determine the practicability 
of dumping ground garbage into the influent end of the flowing 
through compartment, 50 to 100 pounds of ground garbage were ap- 
lied once daily, in three or four 20 to 25 pound lumps. Only the 
ohysical effects on the effluent and the appearance of the tanks thus 
losed were observed. No chemical tests or gas measurements were 
nade. 

(2) In the second series of tests, made to determine the prac- 
icability of putting the ground garbage into the sludge digestion 
compartment of the tank, a charge of about 100 to 150 pounds of 
vet ground garbage was pushed into the digestion compartment of 
he tank through the 8-in. steel pipe illustrated in Fig. 1. Routine 
ybservations were made of physical and chemical characteristics of 
he sludge and of the influent and effluent of both the control tank 
nd the dosed tank, and the rate of gas production in each tank was 
ecorded. Operating data on tanks A and B during the conduct of 
his series of tests are shown in Table 4. 

(3) In the third series of tests, made to determine the practicabil- 
ty of mixing the garbage thoroughly with the sewage entering the 
lowing-through compartment of the tank, a batch of ground garbage 
vas placed in the dosing tank, shown at T in Fig. 11, which had pre- 
jously been partly filled with water, so that nothing overflowed 
vhen the garbage was added to the dosing tank. The centrifugal 
ump shown at P circulated the material rapidly, making an intimate 
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mixture of the garbage with the contained water. A small stream of | 
water was allowed to fall into the dosing tank, from the valve shown — 
at V, and the overflow from the dosing tank was discharged, with the 
incoming sewage, into the Imhoff tank. The rate of flow of water into 

the dosing tank was controlled so that from four to eight hours were — 
required for traces of garbage to disappear from the water circulating 

in the dosing tank. It was customary to divide the daily dose of gar- 

bage into from two to four batches, applying a batch to the dosing 

tank every two to four hours during the day. Operating data on 
tanks A and B during the period of the conduct of this series of tests, 
except for the rate of addition of garbage, are shown in Table 4. 

Routine observations were made of physical and chemical character- 
istics of the sludge, of the influent, and of the effluent from both the 

control tank and the dosed tank, and the composition of gas from | 
each tank was determined periodically. 


17. Results and Conclusions.—In the first series of tests no labora- 
tory observations were necessary to demonstrate the futility of this | 
method of dosing an Imhoff tank with garbage. Quantities of solid 
matter floated across the tank to be discharged with the effluent. The 
interposition of scum boards or hanging baffles served to collect scum 
behind the baffles without making any apparent improvement in the 
character of the effluent, which continued to be choked with solid 
particles sucked under the surface baffle. 

Some results of the second series of tests in which ground garbage 
was added to the digestion compartment of tank A, are shown in 
Table 5. Shortly after the commencement of the operation of the 
tank it became evident that measurements of the volume of accumu- 
lated sludge were meaningless because of the tendency of the sludge to 
rise into the scum compartment. This condition was accompanied by 
a decrease of the pH in the digestion compartment. 

Some time before the conclusion of the test all but a small portion 
of the sludge rose into the scum compartment to produce a 10-ft. 
thickness of scum. The gas vents became clogged, and the unbalanced 
pressures of the liquids and gas resulted in the collapse of the sides 
of the flowing-through compartment. Upon draining the tanks after 
five months of operation very little sludge was found in the digestion 
compartment of the garbage-dosed tank. The compartment was filled 
with a sour, vile-smelling, milky liquid. The scum in the scum cham- 
ber had the consistency of slush, and contained recognizable particles 
of undigested garbage, particularly citrus fruit and potato skins. The 
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TABLE 5 


SULTS OF ADDITION OF GARBAGE TO DicEsTION CoMPARTMENT oF AN IMHOFF 
TANK; WEEKLY OBSERVATIONS IN DiGEsTION CoMPARTMENTS 


Tank A Tank B 


With Garbage Without Garbage 
pH Sludge Solids Volume i 
- dg oe Teme Sludge. Solids pone Tere 
Sludge |———7 | Million | ,Pev@-,| PH = |-——-————| inion | ,Pera- 
ae Gallons | ture of of Gallons ture of 
Total | Volatile | Sewage | Sludge | Sludge | Total | Volatile | Sowage | Sludge 
per cent | per cent | Gy ft. | deg. F. per cent | per cent | “gy. iE deg. F. 
1 6.8 6.43 4.63 358 7.0 5.23 3.44 1380 ee 
2 6.2 6.77 4.72 341- 59 6.8 5.75 3.77 716 59 
3 5.8 5.10 3.33 381 59 6.8 6.74 4.30 503 arate 
4 5.8 SEER ae 326 6.8 5.95 3.77 422 
5 5.4 4.99 3.68 291 6.8 4.38 2.91 362 
6 5.3 3.07 2.28 286 55 6.6 5.09 3.17 376 58 
YE 5.3 3.62 2.77 286 58 6.9 6.88 4,99 414 59 
8 5.2 PL. 75 7.73 252 55 7.0 9.71 5.28 376 56 
9 5.2 17.3 14.18 246 7.0 7.85 4.73 466 
10 5.6 3.03 2.39 242 54 ais 9.33 5.49 525 57 
iE 4 11.48 10.03 245 TO 8.14 5.29 563 
J 12 5.3 13.45 11.36 264 57 6.8 10.80 6.92 563 56 
13 5.2 K fps | 6.48 280 55 6.7 9.60 6.45 578 57 
14 oe 8.02 6.99 304 54 Wee 6.40 3.74 631 55 
; 15 5.2 12.87 11.12 302 7.0 4.78 3.10 613 
1 16 ecve 4.00 3.41 288 54 aie 10.68 5.94 618 55 
17 as nee 276 Ra Mere 629 
18 264 656 
19 250 656 
20 238 657 
21 226 635 
22 216 613 


sludge in the control tank had the appearance of normal, moderately- 
well-digested Imhoff sludge, indicating that the difficulty with the 
test tank was due to the addition of garbage. 

Gas measurements from both tanks were difficult because of fre- 
quent leaks which occurred in the collection equipment. Until the 
complete break-down of the collectors in tank A, however, the meas- 
urements were such as to give a fair indication of the results being 
secured, and toward the latter part of the test the measurements of 
gas from the control tank were satisfactory. No analyses were made 
of the gas, but at no time could the gas from the test tank be ignited, 
whereas that from the control tank burned readily. . 

It is concluded from a study of the results of this series of tests, 
as well as from the results of the preliminary batch tests and the 
batch tests in which attempts were made to digest lumps of ground 
garbage, that it is not practicable to attempt to digest garbage in any 
digestion tank without intimately mixing the material with the liquid 
in the digestion compartment. The lumps of garbage are not broken 
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TABLE 6 


Rares or Apprti0on or GARBAGE WELL MiIxep WITH SEWAGE ENTERING 
Imuorr TANKS 


Garbage Added 
: Pounds peal 
Tank Period Covered Days Tossed Dat ee 
Pounds per Million Cubic Yard 
Day Gallons | of Sludge 
Storage 
Boers ont teaver TAG Wee 68 5- 6-35 to 11- 3-35 172 4 0.74 1.2 
Ase arava iejeusysielolsiante S's & 11- 4-35 to 12-21-35 47 94.5 1.48 2.4 
UE arate Mretews ata sh ieie ties 12-26-35 to 1-16-36 21 61.4 0.96 et 
SA cre rats ace etfernunmiaetgrne 1-17-36 to 3-17-36* 60 25.0 0.39 0.6 
Ns. ei as ae ota Sowa 3-18-36 to 4-21-36 35 1.46 2.3 
351 


*During this period sub-zero weather sometimes prevented the grinding of garbage; hence the 
low average rate of application. The normal rate of dosing was about one ton of garbage per million _ 
gallons of sewage. ‘ 
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up and, as a result, produce the acid stage of digestion which is detri- 
mental to rapid hydrolysis and gasification. 

In the third series of tests, in which ground garbage was well mixed 
with the sewage entering tank A, the operating data shown in Table 
4 are applicable, except for the rate of addition of garbage. This was 
added to either tank A or to tank B as shown in Table 6. It was 
never added to both tanks at the same time. 

During the period of the test, 17 352 pounds of garbage were put 
into tank A and 1290 pounds into tank B. Each tank received 11 
million gallons of sewage. Tank A accumulated 34.5 cu. yd. of thick 
sludge and tank B accumulated 6.4 cu. yd. No determination was 
made of the moisture content of this sludge. It would not be correct 
to assume that the difference between these quantities of sludge repre- 
sents the amount due to the garbage added to tank A, because experi- 
ence has shown that even when both tanks received sewage alone, the 
accumulation of sludge was more rapid in tank A than in tank B. 
The temperatures in the unheated digestion compartments varied 
between 50 and 72 deg. F., the tanks having passed through one of 
the coldest seasons on record. The action in tank B differed from that 
in tank A to such an extent as to cause the occasional discharge of 
larger quantities of sludge and scum in the effluent from B than in 
the effluent from A. Analyses which were made of 24-hour composite 
samples of the effluents from each tank are unsatisfactory, therefore, 
in studying the effect on the effluent from A resulting from the addi- 
tion of garbage to the tank. 
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Sludge, when allowed to stand for a year in the digestion com- 
partment, was thick and well digested. It accumulated at a rate of 
about 3.1 cu. yd. per million gallons of sewage receiving 1.5 tons of 
garbage. This is equivalent to 2.1 cu. yd. per million gallons of sewage 
per ton of garbage added. The efficiency of the removal of solids and 
of the reduction of B.O.D. were about the same in each tank. Solids 
were reduced from 1230 to an average of about 950 p.p.m. and B.O.D. 
was reduced from 300 to about 225 p.p.m.; pH was practically 
unchanged by either tank. 

This series of tests indicated that the addition of ground garbage 
to the influent of an Imhoff tank did not interfere with the digestion 
in the tank, provided the rate did not exceed 1.5 tons of garbage per 
million gallons of sewage. The volume of sludge accumulated after a 
digestion period of one year was approximately 2 cu. yd. per million 
gallons of sewage per ton of garbage added to the sewage. It is prob- 
able that much more sludge was accumulated during the normal 
digestion periods allowed in full size sewage treatment plants. 
Successful operation at higher rates of garbage addition is indi- 
cated, but no tests at higher rates were attempted in this investigation. 


C. Digestion of Garbage in a Two-story, Separate Digestion Tank 


18. Purpose——The purpose of the test was to determine the capac- 

ity of a 2-story, temperature-controlled, separate digestion tank to 
digest ground garbage with fresh sewage sludge. It was expected that 
information might be obtained upon the quality and quantity of gas 
generated, the amount of sludge produced, and other factors of value 
in the design and operation of such a tank. 


19. Procedure—A 2-story tank, with temperature control, as illus- 
trated in Fig. 2, with a primary compartment capacity of 1290 gal- 
lons and a secondary compartment capacity of 4770 gallons, was con- 
structed. The temperature was controlled by circulating the contents 
of the secondary compartment through a steam-jacketed pipe placed 
outside of the digestion tank, as shown in Fig. 8. Automatic control 
was tried for about three weeks at the start of the test. Because of 
unsatisfactory operation of the automatic device the temperatures 
during this period fluctuated between 70 and 120 deg. F. Manual con- 
trol was thereafter depended upon, with resulting extremes of tempera- 
ture varying between 88 and 92 deg. F. 

In dosing the tank, fresh sludge was drawn through the pump, 
shown in Fig. 8, and discharged into the dosing tank. Ground garbage 
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was then added to the sludge in the dosing tank and the mixture 
brought to the required volume by the addition of sludge. Until Jan-_ 
uary 2, 1936, the inlet valve to the primary compartment of the diges-_ 
tion tank was opened to allow the dose to enter the tank, at the 
same time that an equal volume of liquor was drawn from the outlet — 
pipe at the other side of the primary compartment. After this date 
the outlet was changed to the secondary compartment. 

Sedimentation in the tank was prevented by the continuous cir- 
culation of the liquor in the secondary compartment. In order to~ 
prevent clogging the small circulating pipes used, the pump was 
operated at a rate which resulted in turning over the contents of the 
secondary compartment 14 times daily. Such a rapid rate of turnover 
is higher than practicable for larger digestion tanks, and may be 
higher than is necessary to secure satisfactory results from the tank. 
Investigations of the effect of the rate of turnover of the tank contents 
upon the action of the tank are being continued. 

The suction side of the pump was connected to pipes drawing 
liquor at different elevations near the top of the secondary compart- 
ment, as shown at S in Fig. 8, and discharging at the lower portion 
of the conical bottom of the secondary compartment. Sections of glass 
pipe were installed in the suction pipe to permit the observation of 
the quality of circulated liquor drawn from different elevations in the 
tank, in the belief that thick scum might accumulate at the top of 
the tank, necessitating the drawing of liquor from progressively lower 
elevations. At no time was this difficulty encountered, and circulating 
liquor was taken from the highest possible elevation in the secondary 
compartment. No mechanical circulation was provided in the primary 
compartment. 

The possibility of the clogging of the gas collection grids by scum 
was anticipated by the installation of circular paddles, revolving in a 
vertical plane, placed immediately below the grids. Facilities were 
also provided for the pumping of liquor on to the top of the gas, grids 
in order to soften scum and thereby to free them from clogging. The 
paddles were turned by hand through five or six revolutions at irreg- 
ular intervals throughout the day, and were found to be effective in 
keeping the gas grids clear. One attempt to circulate liquor on to the 
top of the gas grids proved disastrous, as the suspended matter in the 
circulated liquor taken from the secondary compartment clogged the 
small openings in the grids, necessitating their removal for cleaning. 

Gas was collected separately from the primary and secondary 
compartments and was measured, for a time in gasometers, as shown 
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in Fig. 2. Towards the end of the tests the quantity of gas generated 
taxed the capacity of the gasometers to such an extent that all of the 
as from the primary compartment was measured in the gasometers, 
nd a wet meter?? was used for the measurement of the gas from the 
secondary compartment. But few gas leaks occurred, such leaks as 
did occur being promptly discovered and stopped, and corrections for 
them made in the observations. Some early troubles were encountered 
from the clogging of the gas lines, resulting from the blowing into 
‘them of foam by the violent, intermittent ebullition of gas. This diffi- 
“culty was overcome by the installation of 114-in. gas lines, and the 
; insertion of a foam trap through which all gas passed before going 
into the gasometers. 
Routine procedure in the operation of the tank involved: 
(1) Periodic dosing of the tank 
(2) Adjustment of temperature 
(3) Turning of scum paddles 
(4) Wasting of gas from gasometers 
Observations of data taken at the tank once, or more frequently, a 
day included the temperature of the tank contents and the volume of 
gas accumulated. Samples were taken of the sludge and the mixture 
added at each dose, of the liquor in the primary and secondary com- 
partments, and of the gas generated in each compartment. The 
analysis of the liquid samples included pH, ether soluble matter, 
total and volatile solids, B.O.D., volatile acids, and physical char- 
acteristics, such as odor and color. The gas was analysed for carbon 
dioxide, methane, hydrogen, and occasionally for hydrogen sulphide. 
All conditions in the operation of the tank were held constant 
except the rate of the application of garbage and sludge. Four differ- 
ent rates of feeding the tank were studied, data on the rates being 
given in Table 7. Further data concerning the total solids and volatile 
solids added to the tank during the various periods of feeding are 
given in Table 8. It is to be noted that two periods of digestion were 
studied: approximately a sixty-day period for eleven months, and 
approximately a thirty-day period for eight weeks. The charges of 
garbage and sludge were so proportioned that the ratio of garbage 
volatile solids to sludge volatile solids was never greater than 60:40, 
well within the safe limits found in the preliminary batch tests. The 
rate of charging the digestion tank with combined sludge and garbage 
varied between 0.34 and 1.67 lb. of volatile solids daily per cu. yd. of 
digestion capacity. This is equivalent to 0.38 to 1.85 lb. of volatile 
solids monthly per cu. ft. of digestion capacity. On the basis that 
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TABLE 7 
Rate or Freping SEPARATE DicEsTION TANK 


F Pounds 
Size of One 
‘ F Garbage | Slu 
Period Covered Charge Number Sry Daily  'D 
Seri of Times sa | per Cu, | per Cu,” 
ie Charged | P¢siod: Yd. ¥d. 
Garb. |Mixture y Tank Tank 
From To Days lb g Capacity | Capacity 
1 3-29-35 10-25-35 | 211 33 254 79 64 0.41 3.18 
2 10-25-35 12- 4-36 40 66 258 17 55 0.94 3.65 
3 12- 4-35 2-24-36 82 132 266 31 60 1.67 3.35. - 
4 2-24-36 4-18-36 54 132 266 40 31 3.26 6.56 


200 p.p.m. of solids are removed from sewage by plain sedimentation, — 


the ratio of wet garbage per million gallons of sewage varied between 3 


one and three tons per million gallons of sewage treated. 


20. Results,and Conclusions—A summary of analyses of the con- 
tents of the digestion tank, during various stages of operation, is given — 


in Table 9, and of the rate of digestion-of volatile solids in Table 10. 


Routine observations of volatile acids were made, but are not reported — 


in the table, as at no time did they rise above 80 p.p.m., well below the 
danger limit of 2000 p.p.m.?* The range of pH, between 6.6 and 7.8, 
and the percentage of methane produced at all stages, indicated 
optimum digestion conditions in the tank. The concentration of 
volatile solids in the secondary compartment served as a significant 
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TABLE 8 
CuarcsEs or Sotips ADDED To SepaRATE Digestion TANK 


Tons of 
a ed Garbage 
; : per 
Pounds of Volatile Solids | Volatil Pound: Garbage | rin 
Added Daily per Cubic Yard| Garbage | of» | Total | Added to] Quen 
Becton of Tank Capacity Solids | Garbage | Solids in eaglgd Sewage 
percent- per Sludge eo ral 0 (on basis 
age of Cu. Yd. | per cent Solid e of re- 
mixture | Sludge R Hope A moval of 
Prot me 
sus 
Garbage| Sludge | Total Sewage matted) 
aI cach aithe PRR 0.110 0.234 0.344 32.0 27 1.4 1130 0.95 
Si Mate ste! a.s0Ye: 9.0 9 0.267 0.174 0.441 60.5 54 0.85 3760 3.13 
ISO OIG OOOO 0.470 0.448 0.918 §1.2 108 2.47 2590 2.16 
AUNTS ib isis titties ae 0.931 0.743 1.674 55.7 108 2.06 3090 2.58 
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indication of the approach of the tank to the limit of its capacity. As” 
the load of volatile solids added to the tank increased from 0.34 to — 
1.67 lb. per day per cu. yd. of digestion capacity, the volatile solids — 
concentration in the digestion compartment rose from 9.5 to 8000 — 
p.p.m. The approximate safe limit of the concentration of total solids | 
to permit satisfactory digestion has been variously stated. Bach** has — 
fixed the value at 60 000 p.p.m., and Rudolfs®* has fixed it at 150 000 
p.p.m. It is probable, therefore, that a considerable addition of solids — 
to the tank will be permissible without unfavorably affecting the 
digestion process. 

The reduction of the period of digestion from 60 to 30 days ap- 
parently had no unfavorable effect upon the operation of the tank, as 
there was no change in volatile acids or pH, and the volatile solids 
remained practically constant, although the rate of charging with | 
volatile solids was almost doubled. ; 

All indications are, therefore, that the tank can digest successfully 
more than 1.67 lb. of volatile solids per day per cu. yd. of digestion 
capacity with a period of retention of 30 days, or possibly less. 

Gas collection results and a comparison of the effectiveness of the 
gas production in the primary and secondary compartments are pre- — 
sented in Table 11. The volumes of gas shown in this table, if in 
error, are too low because of losses through leaks, except the figure 
noted in the second line of Table 11, which might be lowered notice- 
ably by a relatively small variation in the results shown in the second 
line of Table 10. 

The daily rate of gas production per unit volume of the primary 
compartment was about 150 per cent of the secondary compartment 
rate during the first two periods. During the third and fourth 
periods, the primary compartment rate was 56 per cent and 66 per 
cent of the secondary compartment rate. These figures would seem 
to indicate a higher rate of gasification from the grease floating in the 
primary compartment than from the heavier material that dropped 
into the secondary compartment. The higher secondary rate during 
the third and fourth periods would seem to indicate that the primary 
compartment was not of sufficient size to accommodate the material 
high in grease content. 

A rapid increase in the rate of gas production was observed. fol- 
lowing the feeding of the tank. This is shown by typical data for a 
two-week period, presented in Fig. 12. The effect of the stirring of 
the scum in the tank on the rate of gas production is shown by the 
day-time increase in the volume of gas collected. The increase in the 


‘illite kn 


‘@pBUl SPI[OS JO SJUSUIOINSBEUT JO JOqUINU [[BUIS 94} PU UOTYBAIESqO Jo polied 410Ys ATOAI}e[aI OY} JO YUNODO’ UO YSIY 004 oq AvUI 9INSy spy, 


Es '6: a GEL 82° T 6°ST 0°01 v's 06°8 sttrsres *+ gates Jo shep ez yee] 
le 8h'9 6e'T Go°g g°8 82 8L°& "Te eeess *@ gaties JO SABP FZ 4SBT 
29 08°8 7o's oF «0° FS €°Or Ser stresses s *@ salias JO SABp 6 SVT 
Lg 29°L 22 lt 9°21 8°01 6° LT ‘sr ees9 97 gorzes Jo Shep OFT Se] 
“43 no +43 no “33 “no 
ALCUII Arepuoveg AU “ay “10 ae aie AS ee 
Avg 10d pozsosiql peppy CE 
Ayovden yur, | sprog ayefoa | sprog apyefoa | POMS SUtind 
bial at JO"PA NO seg | Jo punog sg | Jo punog 10g mel powog 
tod Aypondeg, PEPPY SPOS 
WOH JO"PA ND wg] — TBI Jo punog s0g 
. r 


poyereuer sex jo oumnjo, 


O ANV, WOUd NOTION sv5y 
IT wav, 


may = i * 


Tank was stirred a aes 


four times AuvHig 
bat 72 Fala periad. ig 


mee 


— 

1 

cas nl 
---4 
' 
— | 


FUSS Cael 
oe 
baie MEV 


TIA 
cel 


! 
1 
es. 


i 
| 
| 
1 
1 
i 
-J 


verage 72r- 
402 10 EA. 
Ferioed 


Kate of Cas Prodictiov? 112 cua FA 
% 


fo TS ee aes 
Sardaty, 1936 


Wf 17 TEP IG WE 


Fia. 12. GrapH SHowING Hourty Rats or Gas Propucrion 
In Two-Stace Dicestion TANK 


rate of gas production following feeding indicates a rapid digestion of 
the volatile solids, and points to a possible shortening of the period of 
digestion and a permissible increase in the rate at which the tank can 
be fed. 


III, Errect on DIGESTION OF GARBAGE OF ITS a 
ELUTRIATION WITH SEWAGE ~. 


21. Purpose——When ground garbage is disposed of into sewers, 
soluble garbage solids are dissolved, insoluble garbage solids are inti- 
mately mixed with the sewage, and some of the insoluble solids are 
comminuted so finely as to settle less rapidly or to increase the 
colloidal content of the sewage. When such material enters a treat- 
ment plant much of the soluble and non-settleable solids pass through 
the primary settling tanks to increase the organic load on the sec- 
ondary treatment devices or, if none exist, on the stream receiving 
the plant effluent. If the material which settles in the primary sedi- 
mentation tank is transferred to a separate digestion tank it is 
probable that the character of its digestion will differ from that of 
the ground garbage which has not been elutriated before being put 
into the digestion tank. 
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TABLE 12 


ATA CONCERNING CHARACTERISTICS OF MATERIALS USED IN PERIODIC FEEDING oF 
DicEsters AND Some Errects or ELUTRIATION or GARBAGE 


Percentage of 
Fae Aas Volatile Solids 


Period = h I 
Which Is ok Di ; 
a igesters | Digesters 
Garbage Solids SOE Sede sate) Receiving | Receiving 
pore blisture Sheik) 
e ; SSS SS wi wi 
Number Riietare Mixt Garbage | Garbage 
with | Mixture ax ‘ae Mixture| Before After 
None | With | Non | with | Elutria- | Elutria- 
From To ole : Eis, ae Ei tion tion 
Painted! ria . triate 
1 Gartogs Garbage Peal Garbage 
: 
| Ae ee | fe es a eee = Ot 
MP aeialect esis. 3. 11-17-35 1-20-36 49.0 18.2 54.7 25.6 74-76 71-73 
Mere isc ois ne ae 1-20-36 4-22-36 74.9 58.0 80.2 59.4 74-76 71-73 


The principal purposes of this investigation were, first, to measure 
the load upon the secondary treatment devices in a sewage treatment 
plant resulting from the intimate mixing of garbage and sewage 
before passing into the primary sedimentation tanks from which the 
secondary devices are fed; second, to observe the characteristics of the 
digestion of garbages which have been elutriated and garbages which 
have not been elutriated before addition to a separate digestion tank; 
and, third, to determine the requisite capacity of digestion tanks to 
receive elutriated or non-elutriated garbage. 


22. Procedure—Samples of elutriated and non-elutriated garbage 
were digested under identical conditions, in 5-gallon clear glass con- 
tainers. 

Elutriation was accomplished by placing the required quantity of 
ground garbage in a mixing bucket together with 15 liters of sewage, 
and violently agitating the mixture, with power-driven paddles, for 
approximately one hour. The contents of the bucket were then allowed 
to stand quiescent for an hour after which they were poured on a 
16-mesh screen and allowed to drain. After most of the water had 
passed through the screen the garbage particles, which had settled to 
the bottom of the bucket, formed a “soupy” blanket on the screen, 
effectively preventing thorough drainage of the solids on the screen. 
Additional moisture was removed from this mass by stirring and 
gentle pressure. 

In the preparation of the charges for the digestion containers, 
garbage, either before or after elutriation, and fresh sewage sludge, 
collected from a plain sedimentation tank, were mixed in propor- 
tions shown in Table 12. Two different ratios of garbage to sludge 
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solids were selected for the investigation, one containing about 55 per 
cent and the other about 80 per cent garbage volatile solids. The 
former ratio represents approximately the normal solids load which 
might be expected at a sewage treatment plant receiving all of the 
garbage from a community.?® The 80 per cent concentration of gar- 
bage volatile solids was used to test the possible maximum limit of 
garbage load in relation to sewage load on a digestion tank. The 
digesters receiving the garbage which had not been elutriated were 
charged with volatile solids on these two approximate ratios. After 
elutriation of the garbage, which had been weighed out to approximate 
these two ratios before washing, it was found that the ratios of 
garbage volatile solids to sludge volatile solids were quite different, as 
shown in Table 12. The tendency of the digestible garbage solids to 
go into solution or colloidal suspension is indicated by the reduction 
of the percentage of garbage volatile solids as a result of elutriation. 

Since the control of the ratio of garbage to sewage solids in these 
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Fig. 14. Carsoy DiGcEsTEerRS 


mixtures was desirable, it was customary to prepare them by assuming 
the solids content of the garbage and of the sludge and to mix the 
materials in a ratio which, based upon the assumed solids content 
of the two constituents, would give the ratio desired. The exact ratio 
was determined later by an analysis of the garbage and sewage solids 
vhich had been mixed. The charges were then introduced directly into 
he digestion containers equipped as illustrated in Figs. 13 and 14. 

On Nov. 1, 1935, six 5-gallon clear glass containers were each 
eeded with 8.5 kilograms of partially digested Imhoff sludge, some 
characteristics of which are shown in Table 13. The digesters were 
lowed to stand for fourteen days without addition of sludge or 
‘arbage, and during this time observations of the digestion character- 
stics were made, the apparatus was checked for gas leaks, and 
therwise prepared for periodic feeding. 
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TABLE 13 
CHARACTER OF SLUDGE USED ror SEEDING DIGESTERS 


Total solids 6.65 per cent 
Le ane solids ; . per cent 


Periodic feeding of the tanks with fresh sludge and ground garbage, 
i and the withdrawal of material were commenced on Noy. 15, 1935. — 
, The volumes of the charges were based on a thirty-day retention — 
. period, the digesters being charged and samples being withdrawn on— 
> 96 days of the 127-day period of the investigation. The actual 
; retention period was later calculated to be 33.2 days. The contents 
of the digesters were thoroughly stirred and a sample of material 
was withdrawn, equal in volume to the charge which was then inserted — 
into the digester. 


23. Results and Conclusions—The first purpose of this investiga- 
tion was to measure the load upon the secondary treatment devices 
in a sewage treatment plant resulting from the intimate mixing of 
garbage and sewage before passing into the primary sedimentation 
tanks from which the secondary devices are fed. If this load may be 
measured in terms of the B.O.D. resulting from the elutriation of the 
garbage, then it may be expressed for these tests as ranging from 
between 27 and 110 p.p.m., 5-day, 20-degree B.O.D., averaging about 
55 p.p.m. This is about half of the normal load placed upon the 
secondary devices by sewage alone passing through primary sedi- 
mentation tanks. be 

The results from which the preceding conclusion was drawn are 
shown in Table 12 and in Fig. 15. A high correlation is to be noted 
in the figure between the B.O.D. and the volatile solids in the sewage 
before its use in the elutriation of garbage. The approximately one 
hundred per cent variations of the individual observations above and 
below the average line shown in the figure may have been due both to 
the lack of precision in the B.O.D. determination and the variations 
in the strength of the sewage. It may be assumed that the B.O.D., 
expressed in p.p.m., was equal to one-half of the volatile solids in the 
sewage, expressed in p.p.m. This relation would apparently hold only 
so long as the volatile solids are in the same stage of decomposition, 
which was the condition in these tests, and would be the condition in 
a sewage treatment plant. 


It was found in the elutriation of 95 samples of garbage that the 
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volatile solids in the elutriated garbage varied between 63 per cent and 
23 per cent of the original dry weight of the volatile solids in the 
non-elutriated garbage, averaging about 34 per cent. The total solids 
in the elutriated garbage varied between 66 per cent and 27 per cent 
of the original dry weight of total solids in the non-elutriated garbage, 
averaging about 41 per cent. On this basis, if it is assumed that the 
ratio of wet garbage to sewage in a normal American city is 2%4 tons 
per million gallons of sewage, and that the quality of the garbage 
is as shown in Table 2, then the dumping of this garbage into the 
sewage will increase the total and volatile solids in the primary 
settling tank effluent by 110 p.p.m. 

Since the B.O.D. may be assumed to be equal to one-half of the 
volatile solids, both expressed in p.p.m., it may be estimated that the 
elutriation of all of the garbage in the sewage of a normal American 
city may increase the 5-day, 20-degree B.O.D. of the primary settling 
tank effluent about 55 p.p.m., with possible variations between 27 and 
110 p.p.m. This average increase is equivalent to a first-stage, 20- 
degree B.O.D. of 80 p.p.m. The normal population equivalent of 
B.O.D. is 0.244 pound per day per capita. This is equivalent to a 
first-stage B.O.D. of 290 p.p.m. on the basis of the production of 100 
vallons of sewage per day per capita. With a 35 per cent removal of 
B.O.D. of the sewage by preliminary sedimentation,”’ the first stage 
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TABLE 14 


—oe” 2. ee 


Solids Added to Digesters in Grams per 
Day per Liter of Digesting Mixture Percentage Reduc- y 
tion of Solids in 
ae 
Mixture of Sludge | Mixture of Sludge rom Elutriation 
idl Gathas and Garbage of Garbage } 
op im Before Elutriation After Elutriation 
chedule 
_ Number From To 
Total Volatile Total Volatile Total Volatile — 
Solids Solids Solids Solids Solids Solids 
(1) (2) (3) (4) (5) (6) (7) 
A iave er cheveysan.< 11-17-35 12-15-35 1.99 1.60 1.43 1.10 28.2 31.2 
AL orvccponetan erated 12-15-35 1-20-36 1.68 1.38 1.30 0.95 22.8 31.1 
Dra(ajulerdadtess'®.2 1-20-36 2-16-36 2.63 2.31 1.46 1.22 44.5 47.2 
Dae eitre ts ts ad 2-16-36 3-22-36 2.83 2.44 1.67 1.39 40.7 43.1 


B.O.D. of the sewage going to the secondary unit would be 188 p.p.m., 
without garbage, or 268 p.p.m. with garbage. The increased load on 
the secondary treatment devices resulting from the elutriation of 
garbage by sewage is, therefore, about 43 per cent. The increase in 
the B.O.D. may, under some circumstances, be as high as 100 per 
cent or as low as 25 per cent. In other words, the average load on 
the secondary oxidizing devices in a sewage treatment plant resulting 
from the dumping of 214 tons of garbage into each million gallons of 
normal domestic sewage, will be about 1.5 times the load before the 
garbage was dumped into the sewers, and it may vary between 1.25 
and 2.0 times the normal B.O.D. load of the sewage before it is used 
in elutriation of garbage. 

The second purpose of this investigation was to observe the char- 
acteristics of the digestion of garbages which have been elutriated, and 
of garbages which have not been elutriated, before addition to a 
separate digestion tank. Results of tests on the digestion of both 
kinds of garbages are shown in Tables 14 and 15 and in Fig. 16. 
The data in Fig. 16 are representative of the characteristics of only 
two of the six digesters operated, and the data in Table 14 are repre- 
sentative of the averages of three digesters operated under similar 
conditions. The results observed in all of the digesters, operated 
under similar conditions, never varied significantly from the average. 
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study of the data in the tables and the figure will make possible 
any conclusions, among which are the following: 
(a) The pains of digestion were not affected by the elutria- 
ion of the garbage; this is shown by the pH and volatile acid 
results at the top of Fig. 16. 

(b) The pH of the sewage was not significantly reduced by the 
elutriation of the normal amount of garbage. Other tests, the results 
f which are not shown in the figure or tables, caused the pH, upon 
the elutriation of 30 to 175 tons of garbage per million gallons of 
ewage, to drop from 7.2-7.8 to 6.6-7.4. 

(c) The amount of volatile solids handled in the separate diges- 
tion tank receiving the elutriated garbage was from 60 to 70 per cent 
of the volatile solids it would have received had it been fed with the 

sludge collected from the same amount of sewage passing through a 
plain sedimentation tank; this conclusion is drawn from the figures 
in column 7 of Table 14. 

(d) The concentration of the volatile solids in the separate diges- 
tion tanks fed with a mixture of sludge and elutriated garbage was, 
at the end of the period of digestion, from 65 to 85 per cent of the 
concentration of volatile solids in the tanks fed with a mixture of 
the same amount of fresh sludge and the same amount of non-elutri- 
ated garbage; this conclusion is drawn from the figures in column 10 
of Table 15. 

(e) The digestion of solids was not affected by the elutriation of 
the garbage before being fed into the tank; this is shown by a com- 
parison of lines 2 and 3 in column 12, Table 15, with due considera- 
tion for the approximately constant conditions shown in lines 2 and 
3, columns 8 and 8. 

It is to be noted that the reduction of solids (column 14) and the 
rate of digestion (column 12) may be functions of either the percent- 
age of garbage volatile solids in the mixture (column 3), or the rate 
of feeding (column 8), or of both. Further tests are required to 
Jetermine this point. 

(f) The volatile solids in mixtures with elutriated garbage and 
with non-elutriated garbage were reduced approximately 70 per cent 
yy digestion; this is shown by the figures in column 14 of Table 15. 

(g) The volatile solids in the mixture of elutriated garbage and 
ewage sludge had a higher B.O.D., per unit of weight, than those in 
he mixture of non-elutriated garbage and sewage sludge; this is shown 
yy the relation between the B.O.D. lines in Fig. 16. 
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TABLE 16 


Gas Propuction rrom DicEesterS ConTAINING GARBAGE BEFORE OR 
ArTER ELUTRIATIONT 


Volume of Gas Produced per Gram of 


Per- Volatile Solids 
Charac- | centage OG Per- Per- 
Line ter of of centage | centage 
No. Garbage | Garbage COzin | CHa in 
Added | Yolatile : Gas? Gas 
Solidsin] Added Total Digested Total 
Mixture CH, CH, 


a | ns 


a | ee 


1 E* 251 709 417 1030 606 29.1 58.9 1.16 
2 Nt 554 747 422 1032 582 33.8 56.6 1.28 
3 E 592 647 405 895 560 32.2 62.6 1.03 
4 N 80? 645 378 882 516 35.4 58.5 1.07 


*E = elutriated; N = non-elutriated. : 


Note 1.—The same amount of non-elutriated garbage was used in the preparation of these two 
mixtures. 


Note 2.—Same as note 1. e 

Note 3.—Not corrected for loss of COz through the water-seal in the gasometer. 

Note 4.—Weight corrected to 32 deg. F., but not corrected for barometric pressures. | 

}The figures shown are the observations made only during the routine periods of feeding and not 
during the transition periods shown in Fig. 18. 


(h) The B.O.D. of the sludge formed of a mixture of non-elutri-— 
ated garbage and sewage sludge was greater than that from a sludge 
formed of a mixture of an equal amount of garbage which had been 
elutriated and the same amount of sewage sludge, so long as the 
ratio of garbage volatile solids to sewage volatile solids in the mixture 
was greater than 55:45. 

(1) The volume of gas produced by the digestion of a mixturesof 
sludge and elutriated garbage was less than that produced by the 
digestion of a mixture of sludge and non-elutriated garbage, other 
things being equal. This conclusion is based upon the fact that the 
rate of gas generation, resulting from the digestion of either elutriated 
or non-elutriated garbage, was the same per unit weight of volatile 
solids in the digesting mixture, as shown in columns 3 and 5 of Table 
16, and upon the fact, shown in column 8 of Table 15, that the weight 
of volatile solids in the mixture of sewage sludge and non-elutriated 
garbage is 1.45 to 1.8 times the weight of volatile solids in the mixture 
of sewage sludge plus elutriated garbage formed from an equal amount 
of non-elutriated garbage. In other words, the amount of gas gener- 
ated depends upon the weight of volatile solids present, and there are 
less volatile solids in elutriated garbage than in a corresponding 
weight of non-elutriated garbage. 
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TABLE 17 


GES IN Grease ConTEeNT or Digestep Mrxtures or SEWAGE SLUDGE WITH 
ELUTRIATED AND NON-ELUTRIATED GARBAGES 
Average of results from 8 different digesters. 


Grease in 


Percent- | Grease in Sludge Grease 
Character age of Tank With- Reduction, 
of Garbage Feedings, drawn, Percent- 
_ Garbage Volatile Percent- | Percent- age by Remarks 
Line No. in Mixture| Solids age of age of | Weight of 


in the Total Dry | Total Dry| Grease - 
Mixture | Weight of | Weight of Fed 
: Sample Sample 


@) (2) (3) @® .- (5) (6) 


ga ore E* 25 25.7 10.2 (P9683 Contains insoluble 

grease E 

2 oo oth Geseeeee N* 55 32.20 10.1 82.0 Contains soluble and 
insoluble grease 

a 

AGREES Eee E 59 21.8 8.6 82.9 Contains insoluble 

. grease 

Sets 'eis iso's «(e's N 80 26.8 Sar 86.3 Contains soluble and 


insoluble grease 


*E = elutriated; N = non-elutriated. 


(j) The percentage of methane in the gas produced was not 
affected by the elutriation of garbage; this is shown in column 8 of 
Table 16. 

(k) The percentage of carbon dioxide in the gas increased slightly 
with an increase in the percentage of garbage volatile solids in the 
digestion mixture; this is shown in column 7 of Table 16. This is 
corroborated by the figures in column 9 which show the effect of the 
increased percentage of carbon dioxide on the unit weight of the gas. 
This may be explained by the removal of soluble sugars, starches, and 
salts by elutriation, leaving protein, cellulose, and grease. The 
digestion of cellulose and grease will produce weights of gas greater 
than the weight of material decomposed. Elutriation alters the 
sarbage quality so that the less soluble protein matter plays a pre- 
Jominant part in the production of methane in the gas from the non- 
slutriated garbage. 

(1) The limit of the rate of the feeding of a heat-controlled, 
separate digestion tank was approached under the conditions of the 
second series of tests in this investigation; this was indicated by the 
jualities of the sludges withdrawn from the digesters. During the 
yeriod of feeding at the lower rate* during which the digesters 


*From the 43rd to the 78th day shown in Fig. 16, and in lines 1 and 2 in Table 15. 
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TABLE 18 r. 


Computations or Capacities or HEAt-ConTROLLED SEPARATE DiGEsTION TANKS 
RequirED To Digest ELUTRIATED OR NON-ELUTRIATED GARBAGE 


Specific gravity of normal mixture of sludge and ae ‘etini (assumed).... 
HAGUMEE) 5c -ssbn ahaa aoe eee 
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VOI. 6.05 sstd cs steers maven mse sed maine Shans sla ba aid so vinings 2 ao ga melee peieleie's 
4 Sewage dry solids collected in primary sedimentation tank receiving sewage alone, 
pounds per capita per day, (computed) 

Gob so cio e ies cone Gas eaese oP aieaaver a Prac dis @ wilellg store dia. v > gi -sisia wml ate prea iat ea ee 0.165 

Volatile. .isieaex emtarstnaacivihro > sragip anes Hpaueais «aie Bie wala mislale wie see wietiyae pe soewee 0.115 

5 Percentage total solids in material collected in primary sedimentation tank 

receiving sewage alone or sewage pin elutriated garbage, (assumed) oc agoaerlat 3.0 
Percentage of garbage solids that will be added to sludge on basis of loss of garbage 

solids during elutriation procedure in this investigation 


o>) 


Volatile on. ihe ced ae ne nan eee Ree Pee ee 34.0 

a Per capita volume of mixture from a sedimentation tank receiving sewage and 
elutristed garbage, ou. fii per day. ws Foon. «<0 2 wn oes ula scl sie wittaletele eps Ps: 0.115 

Per capita volume of mixture of non-elutriated garbage plus sludge collected in a 
sedimentation tank receiving sewage alone, cu. ft. per day...........+++-- 0.096 


co 


Note: Items 7 and 8 were computed as follows: ie : : 
Sewage solids (item 4), = 0.165 lb., plus the garbage solids (item 3 times item 6), = 0.051 lb., 
total, 0.216 lb. dry weight. Assuming a moisture content of 97 per cent (item 5) and a specific gravity 


or 1.0, aes volume of sludge containing 0.216 Ib. of dry solids is 0.216 + (0.03) X (62.5) = 0.115 eu. ft. 
item 7). : of 

The wet weight of sewage sludge produced per capita per day is 5.5 pounds (item 4 divided by 
item 5). The wet weight of garbage produced is 0.5 pound. The total wet weight of sewage sludge and 


garbage is, therefore, 6.0 pounds per capita per day. If its specific gravity is unity, its volume is 
6.0 + 62.5 = 0.096 cu. ft. (item 8). 


received 0.95 and 1.38 grams of volatile solids per day, the odor of the 
sludges drawn from all digesters was tarlike, typical of well-digested 
sludge. After three weeks of feeding the digesters at a higher rate, 
with a higher proportion of garbage in the mixture, during which the 
digesters received 2.46 grams of volatile solids per day per liter of 
digesting mixture, the sludge from the digesters containing garbage 
which had not been elutriated had a slight odor of fermentation, asso- 
ciated with undigested sludge. The sludge was grey in color, and 
particles of undigested garbage were visible in it. The settleable solids 
could not be determined in either of the sludges, as no distinct sludge 
line was apparent, due probably, to the thorough stirring of the 
digester contents before the withdrawal of sludge. 

(m) The elutriation of garbage decreased the percentage of grease 
to be digested; this is shown by the figures in column 3 of Table 17. 

(n) The percentage reduction of grease by digestion was independ- 
ent of the elutriation of the garbage; this is shown by a comparison of 
the figures in lines 2 and 8, column 5, of Table 17. 

(o) The garbage greases were more digestible than the sewage 
greases; this is indicated by the data in Table 17. As the per cent 
of garbage volatile solids in the mixture was increased (column 2, 


tFrom the 106th to the 141st day shown in Fig. 16, and in lines 3 and 4 in Table 15. 
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‘able 17), the percentage reduction of grease increased (column 5 
Table 17). 
(p) About 66 per cent of the garbage volatile solids and 59 per 
ent of the garbage total solids went into solution or colloidal sus- 
pension when the garbage was elutriated; this is indicated by the 
gures in columns 6 and 7 of Table 14. 

The third purpose of this investigation was to determine the requi- 
site capacities of temperature-controlled separate digestion tanks 
receiving either elutriated or non-elutriated garbage, together with 
sewage sludge. Assumptions and computations upon which a conclu- 
sion was reached, based upon practice and upon the findings in this 
investigation, are shown in Table 18. The last two lines of the table 
indicate that the elutriation of garbage will require 20 per cent more 
capacity in a separate digestion tank than if the garbage fed to the 
tank were not elutriated. This is due to the increase in the bulk of the 
sludge due to higher moisture content and not to the change in the 
quality of the garbage. More digestion capacity is required per 
pound of solids fed to a digestion tank by feeding with a thin sludge 
than by feeding with a concentrated sludge, the retention period 
being the same under both conditions. 

The requisite capacity of a digestion tank is dependent, in part, 
upon the retention period. If a 30-day period be assumed, the digestion 
tank receiving the elutriated garbage would require a capacity of 3.45 
cu. ft. per capita whereas the digestion tank receiving non-elutriated 
varbage would require 2.88 cu. ft. per capita. From the figures in 
Table 18 it is shown that the tank receiving elutriated garbage is 
receiving 0.157 pound of volatile solids per capita per day, and the 
tank receiving non-elutriated garbage is receiving 0.230 pound of 
volatile solids per capita per day. The rates of feeding these tanks 
would be, therefore, 0.05 and 0.08, respectively, pound of volatile 
solids per day per cu. ft. of tank capacity. 


? 


IV. Errect or CHEMICALS ON DIGESTION oF MIXTURE OF 
GARBAGE AND SEWAGE SOLIDS 


24. Purpose—The addition of garbage to sewage sludge in a diges- 
jon tank may result in the creation of acid conditions, unsatisfactory 
ligestion, and foul odors. The object of this investigation was to study 
he effectiveness of certain chemicals in preventing or in overcoming 
uch acid conditions, and in restoring satisfactory digestion. 
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TABLE 19 


ee OF PROCEDURE IN INVESTIGATION OF EFFECT oF CHEMICALS ON DIGESTION 
7 or MrxturE or GARBAGE AND SEwaGE So.ips 


Series 1 
Continuous Feeding 
Nov. 4, 1935 to 
March 28, 1936 


Series 2 
Batch Test 
Jan. 25, 1936 to 
March 28, 1936 


Digester 


Chemical Digester 


Chemical. || Digester | Chemical 


NazCOs 
NazCOs 


None 


_ 25. Procedure-——Three alkaline chemicals, lime, sodium hydroxide, 
and sodium carbonate were studied. Steel oil drums, of 55-gallon 
capacity, were used in the investigation as digesters, with steel gasom- 
eters sealed with brine. They were set up as illustrated in Figs. 17 
and 18. The temperature in the room was kept between 80 and 90 
deg. F., with occasional lapses to about 70 deg. for not more than an 
hour once or twice a week. 

Two series of tests were conducted. In the first series the initial 
mixtures used in the digesters consisted of ground garbage and Imhoff 
tank sludge, the periodic charges being made of ground garbage and 
fresh sewage sludge. The digesters were fed periodically on a routine 
schedule. In the second series, the digesting mixtures consisted of 
ground garbage, fresh sludge, and a seeding batch of the effluent from 
tank C, the temperature-controlled, two-stage, separate digestion tank. 
No digestible organic solids were added to the digesters after the first 
charge, the investigation being conducted on batch tests. A summary 
of the tests made in the two series is shown in Table 19. 

To start the test, in the first series, each digestion tank was 
charged with a well-mixed batch composed of 35 pounds of ground 
garbage and 145 pounds of partially digested sludge from an Imhoff 
tank. All of the tanks were charged with the same mixture of 
material taken from one large batch prepared for the purpose. The 
bulk of each batch placed in a digester was about 20 gallons. The 
analyses of the components of this mixture are given in Table 20. 
After the mixture had been poured into the digester, the feeding tube 
was inserted into the proper opening, and the digestion tank was 
placed in operation. 
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TaBLE 20 


+s 
ANALYSES or CoMPONENTS oF OniGINAL Mixture, Serres 1; Tests ON ErrectT 01 F 
CHEMICALS ON DIGESTION By 


f voce ais fas « ; 
1g ti of Percentage o olatile O! 
Total Solids Volatile Solids Total Volatile 


Solids 

i Garbageveck sateen sow aera tate saa amet 27.8 24.5 51.0 
— Meee Budes Colton dae tee 7.72 5.72 49.0 
DAR OUTG) af, ays okie noes wie ce awe ae eRe ae stele 11.65 9.39 100.0 


In the first series of tests the objective in feeding the tanks wal 
— to add to each tank an equal amount of dry volatile solids for each 
day of operation, the draw-and-fill schedule being arranged to dis- 
place the contents of each tank in thirty days. Each charge was made 
up in the ratio of 6 pounds of wet garbage to 50.5 pounds of wet 
sludge. The composition of the garbage and sludge used in the 
charges is shown in Table 21. The rate of charging of each tank for 
. the feeding period was 0.0841 pound of volatile solids per day per 
cu. ft. of tank capacity. Daily additions and withdrawals were 
made when practicable. There were several times when three days 
elapsed between charges, and on one occasion there was a lapse of 
four days. At each charging operation an amount of material equal 
to one-thirtieth of the tank contents times the number of days since 
the last charge was withdrawn, and an equal amount was added. The 
contents of the tanks were thoroughly stirred immediately before any 
withdrawals and immediately after any additions were made. =< 
When material was to be added to the tanks the correct propor- 
tions of fresh ground garbage and fresh sewage sludge were intimately 
mixed in a large container. After removing the desired amount of 
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TABLE 21 


ANALYSES OF GARBAGE AND FrREsH SLUDGE Usep in Mixtures ror PERIODIC 
FEEDING IN Series 1; Tests on Errect or Curemicats oN DIGESTION 


Percentage of Total Percentage of Volatile Percentage of Ether 
Solids Solids Solubles in Dry Sample 
Av. Max. Min. Av. Max. | Min. Av. Max. Min. 
Garbagele ctics scene 31.45 | 45.40 | 22.50 | 29.50 | 43.50.] 20.90 | 28.53 | 46.60 | 23.20 
Fresh Sludge.......... 3.82 6.10 1.21 2.75 5.21 0.78 | 23.59 | 42.80 8.79 
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TABLE 22 


ANALYSES OF CoMPONENTS OF OrrGINAL MrxTurRE, SERIES 2; Tests on Errucr or 
' CHEMICALS ON DIGESTION 


Percentage of Percentage of Be iad ne 1s 


Total Solids Volatile Solids a Dry Sample 


ludge from the digestion tanks the fresh mixture was stirred, and 
he required amount was poured into the digester through the charg- 
ing tube. Records were kept of the weights of materials added and 
withdrawn in order to maintain a solids balance. Occasionally 50 ce. 
samples were withdrawn, between feedings, for the determination of 
pH and volatile acids. These small samples were withdrawn infre- 
quently, and were ignored in making the solids balance. 

At the beginning of the first series of tests no additions of 
materials were made during the first eight days, and only small 
samples were withdrawn for analyses. The purpose of this period, 
preceding the periodic feeding of the tanks, was to permit the con- 
tents to become acid. On the ninth day draw-and-fill operation was 
commenced, and observations were made on the acidity and other 
characteristics of the digesting mixtures. Chemical treatment was 
commenced sixteen days after the start of the test. 

At the close of the first series of tests, which lasted for 145 days, 
the contents of each digester were weighed, sampled and discarded. 

In starting Series 2, the batch for each digester was made up 
separately, and was composed of 45 pounds of ground garbage, 100 
pounds of fresh sludge, and 35 pounds of tank C effluent, making a 
volume of about 20 gallons; results of analyses of the components and 
of the resulting mixtures are shown in Table 22. The series was run 
as a batch test, small samples of about 50 cc. being withdrawn 
periodically for analyses. 

Chemicals were added in both series to neutralize the effect of 
acidity on digestion. The quantities of chemicals added were com- 
puted as equivalent to the acidity measured by the volatile acids 
Jetermination, all acids being calculated as acetic acid. Lime quan- 
‘ities were computed on the basis of 75 per cent available calcium 
yxide in the hydrated lime; sodium hydroxide was assumed to be 
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100 per cent available. When chemical treatment was started com- 
mercial hydrated lime was added to three digesters, commercial 
sodium hydroxide was added to three others, and the three remaining 
digesters were left untreated. 
: A period of two weeks was allowed to elapse after the first chem- 
icals had been added in order to permit observation of any immediate 
or slow reaction affecting the acidity in the treated tanks. Chemicals 
were added thereafter at frequent intervals until’six or more addi- 
tions had been made. © 

Sodium hydroxide was added in the form of a solution. It was 
oured through the charging tube and washed down with about one 
gallon of supernatant liquor withdrawn from the digester. A solution 
of lime was tried for lime treatment, but it was found that too much 
water was required, so that the lime was added dry and washed into 
the digester with supernatant liquor. Sodium carbonate was added 
in the same manner as lime. 

Results of the study of the control of digestion with lime are pre- 
sented for digester 62 in Fig. 19. The results observed in the other 
two lime-controlled digesters varied but little from those shown in 
Fig. 19. All of the phenomena observed in this digester were repeated 
in numbers 61 and 63. To aid in the study of the effectiveness of diges- 
tion a line has been plotted, called the Critical Line, representing a 
concentration of 2000 p.p.m. of volatile acids and a pH of 7.0. Unsat- 
isfactory digestion conditions are indicated when the concentration of 
volatile acids in the digester is above the critical line or when the pH 
is below it. In practice a slightly lower pH may be experienced with- 
out detrimental results. 

Significant facts pointed to in Fig. 19 include the following: 

(a) The rapid commencement of the generation of gas during the 
first three days of the test was followed by its immediate falling off 
after the first week. Although the volatile acids were too high and 
the pH was too low for good digestion, according to the critical 
line, it is possible that substances inhibitory to bacterial metabolism 
required time for their development. The diminution of gas generation 
after the first week may be due to the unfavorable factors of high 
concentration of volatile solids and the presence of inhibiting sub- 
stances or organisms. 

(b) At the start the volatile acids were well above the minimum 
concentration permissible for good digestion, and the pH was too low, 
with a decreasing trend. 
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(c) Lime was first added on the sixteenth day following the start 
of the test. A very slight effect was observed on all of the character- 
istics. The pH was immediately raised from 4.8 to 5.2, but it slowly 
dropped back to 5.0. Gas production showed a slight increase for the 
following week, but again dropped back to an almost negligible 
amount. Volatile acids were unaffected. 7x8 

(d) Five doses of lime were added between the 30th and 40th days. 
The effect on all of the characteristics was marked. The addition of 
the lime tended to neutralize some of the acids, resulting in a marked 
increase of pH from 5.0 to 7.0. The preceding downward trend of 
volatile acids was temporarily halted due, probably, to the formation 
of acetates which are reported in the test as volatile acids. A most 
remarkable effect was produced upon the rate of gasification which 
increased, during the 40th to the 50th days, from an almost negligible 
value to the probable normal rate for the best digestion of the sub- 
stances in the digesters. Volatile acids and the concentration of 
volatile solids diminished continuously, and the pH fluctuated between 
6.4 and 7.0 until the 80th day. 

(e) On the 80th day the volatile acids decreased to a concentra- 
tion of slightly less than 1000 p.p.m., and the concentration of volatile 
solids to 84 100 p.p.m. Without other observable changes, the gas 
production increased steadily and rapidly until on the 100th day it 
had attained a computed rate of 24.8 cu. ft. per pound of volatile 
solids added that day to the tank. Such a rate of gas production is 
higher than would be possible from the solids added at the time. It 
is evident, therefore, that the volatile solids accumulated in the 


digester were being digested. This fact is borne out by the slope of the 


line showing the concentration of volatile solids in the tank. The 
maximum rate of gas production, shown in Fig. 19, is equivalent to 
2.26 cu. ft. of gas per day per cu. ft. of digester contents. This high 
rate is a result of the digestion of accumulated solids. The maximum 
rate of gas production occurred in digester 63, and was equivalent to 
3.0 cu. ft. per day per cu. ft. of tank contents. This occurred when 
the concentration of volatile solids in the digesting mixture was 
45 000 p.p.m. Such a high rate of gas production and the rapid 
exhaustion of the accumulated volatile solids suggests the possibility 
of more rapidly charging the digesters and operating with a shorter 
retention period than the 30-day period tested. Further research is 
necessary to determine how much the digestion period can safely be 
shortened. 
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TABLE 23 

‘Summary oF Resutts or CHEMICAL TREATMENT, SERIES 1; Trsrs ON EFFrEctT oF 
: CHEMICALS oN DigEsTION 

|e st ee al teal oa ee a lal rae eS 


Gas proces 

Digester henson! per Pound of Percentage Percentage 

NG: Tr Volatile Solids Reduction of Reduction of 
eatment Digested Volatile Solids Grease 

cu. ft. 

Bo letetsncfeyesja< a xe eieys area va Lime 12.86 51.6 69.9 
Ug a oO ee Lime 12.56 51.3 69,1 
Bits oo oa crcievueie 0 o's Lime 13.12 53.0 73.5 
CAO OE eee Lime 10.78 54.5 61.7 
Jigs Se Sree ee oe None 6.06 41.5 40.3 
JABS soAG A Saye eee None 9.82 59.8 70.6 
Siffemtetera ich e< die) clesafebucisasc NaOH 4.03 29.9 75.5 
Ms siclabihe Gee eNews NaOH 4.32 30.9 62.0 
RASS ats oft sic ereiwlac tle, & iets NaOH 4.75 27.6 77.0 


On or about the 105th to the 113th day, the excess accumulation of 

volatile solids in the tank having been digested, the rate of gas pro- 

duction decreased to normal and continued at a normal rate until 
feeding was stopped on the 125th day. 

(f) The sag in the rate of gas production between the 115th and 
122nd days may be explained, in part, by the slight decrease in the 
rate of feeding at a critical time when the biologic activity was great. 

Additional information on the effect of lime in the control of diges- 
tion was secured from a fourth digester, number 64, which was 
charged and fed in the same manner as numbers 61, 62, and 63, but 
no lime was added until the 66th, 67th, and 69th days. The records 
of observations are shown graphically in Fig. 19. The results show 
the immediate effect of the addition of lime on the pH value, which 
rose from 5.0 to 8.8 within 5 days of the first addition of lime. It 
quickly fell to 7.0 and remained within 0.4 of this value until the end 
of the test. The rate of gas production increased the day after the pH 
reached 8.8, but the volatile acids did not begin to fall for five or six 
days thereafter, indicating that digestion, and not lime, was the 
proximate cause of the diminution of volatile acids. The character of 
the variations in the rate of gas production followed those in digesters 
61, 62, and 63. In about 35 days the rate of production became ap- 
proximately normal, that is, 11.0 cu. ft. per pound of volatile solids 
added, and remained at this figure until the concentration of volatile 
solids in the digester was reduced to 86 000 p.p.m. The rate of gas 
production then suddenly increased to about 2.5 cu. ft. of gas per day 
per cu. ft. of digesting material, and remained at that rate for nearly 
‘two weeks after the cessation of feeding the digester. 
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Fia. 20. Averacep CHARACTERISTICS oF DicEestTERS 67, 68, AND 69 < 


The percentage reduction of volatile solids and of grease in the 
lime-treated tanks are shown in Table 23. More than 50 per cent of 
the volatile solids added were digested in each of these tanks. , There 
was the greatest reduction of grease in tank 63, in which 73.5 per 
cent of the grease added was digested, and the least reduction in tank 
64, in which 61.7 per cent was digested. The data in the table show 
good reduction of volatile solids and of grease in view of the long 
period of acid conditions during which undigested sludge was with- 
drawn. 

Results of a study of the control of digestion with sodium hydrox- 
ide are presented in Fig. 20, which represents the average of the 
observations made on the three digesters, numbers 67, 68, and 69. 
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Fig. 22. Typican DRAINABILITY CURVES 


None of the observations on any of the three digesters tested under 
these conditions varied significantly from the average. The informa- 
tion in the figure shows that the addition of sodium hydroxide had no 
appreciable effect on the rate of gas production or on the reduction 
of the concentration of volatile solids. The addition of the chemical 
did increase the pH value to a slight extent, and the concentration of 
volatile acids slowly diminished to the critical maximum of 2000 p.p.m. 

There. was a low reduction of volatile solids in tanks 67-69, as» 
shown in Table 23. The reduction of grease, as shown in Table 23, 
seems high when compared with the reduction of volatile solids, but 
possibly can be attributed to the action of sodium hydroxide, which 
saponified the grease to form sodium soaps. 

Results of a study of digestion not controlled by chemicals are 
shown graphically in Fig. 21. All conditions in the operation of the 
two digesters in this test, numbers 65 and 66, were the same as in the 
tests on digesters numbered 61 to 64 and 67 to 69, except that the 
temperature in digester 66 was at all times about 3 degrees F. higher 
than that in any other digester. The characteristics of the digestion 
in digester 66 are similar to those of the lime-controlled digester, 
number 62, shown in Fig. 19, except that there was a lag of 10 to 15 
days in the changes in digester 66 behind the changes in digester 62. 
‘The characteristics of digestion in digester 65 were markedly different 
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from those in the warmer digester, or from those in the lime-controlled 
digesters. Acid conditions prevailed for the first 130 days, and volatile 
acids remained close to the critical concentration for good digestion. 
Gas production rose slowly, however, beginning with the 85th day, 
until it had attained a normal rate at about the 125th day, about the 
time that the pH increased to 6.5. 

: The percentage reductions of volatile solids and grease in the 
untreated tanks, numbers 65 and 66, are shown in Table 23. There 
was little reduction of volatile solids and grease in tank 65. There 
was a greater reduction of volatile solids in tank 66 than in any other 
tank. Grease was also digested readily, as shown by the 70.6 per 
cent reduction of the grease added. | 

Drainability curves for the sludges from the lime-treated and the 
sodium hydroxide-treated digesters, at the end of the test, are com- 
pared with the drainability curves for the sludge taken from the 
garbage-sludge-dosed Imhoff tank in Fig. 22. The better quality of 
the sludge from the lime-treated digester is clearly shown. 

A comparison of the results of the batch digestion in digester 85, 
controlled with sodium carbonate, and those of the batch digestion in 
digester 86, not controlled with any chemical, is shown in Fig. 23. 
The conditions of operation of both digesters were identical, except for 
the addition of sodium carbonate to digester 85. The comparison 
indicates that the addition of sodium carbonate had no beneficial 
effect on the control of digestion. 

In all of the tests of this investigation analyses were made of the 
gases generated. Averages of the analyses are summarized in Table 
24. The results are of no great significance in the interpretation of 
the effects of added chemicals on digestion, except to show the rela- 
tively high concentration of methane under conditions of satisfactory 
digestion. 


26. Summary and Conclusions—During this investigation when 
the concentration of volatile solids in the digesting mixture of the 
temperature-controlled, separate digestion tank, number 63, was in the 
neighborhood of 90 000 p.p.m., the rate of gas production increased 
to 3 cu. ft. of gas per day per cu. ft. of digesting mixture, equivalent 
to 13.15 cu. ft. of gas, containing 60 per cent methane, per pound of 
volatile solids digested. This high rate continued for a short period 
of time only and depended, apparently, upon the accumulation of 
volatile solids in the tank. This rate is equivalent to the digestion of 
0.228 lb. of volatile solids daily per cu. ft. of digesting mixture. 
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. TaBLe 24 
| Quatity or Gas GeneRATED IN Tests Mave To Srupy Errecr or CHEMICALS 
on DicEstIon 


| Samples were taken at irregular intervals, most] i i i 
‘ ) s, y towards the end of the period, wh - 
tions prevailed in all digesters except 84, 85, and 86. Mi enreacete 


6SRNelel—OFFoeoeoeoeeeeeeeaeaeaeaeee ue 
(Chemical Aaded Carbon Dioxide Methane 


Digester Number 
; per cent (average) per cent (average) 
t 
Rb fietersinict eerie sie cigiate's aces erdrclovsyere Ca(OH)s St 57.9 
- COC AOS GRR HEIR Ieee Ca(OH): 31.3 57.6 
a Mee Y cera) viata: <raratere) alte ateye orate. & Ca(OH): 30.5 60.6 
ho Ca(OH): 30.6 63.2 
SG eh ee one 31.5 65.3 
(0S CER ees aaa None 31.9 60.6 
Beer con rae sage = his NaOH 43.0 45.3 
OSE aa a NaOH 44.5 37.5 
Sa NaOH 35.3 49.8 
8 SOE ante NazCOs3 O77 
Bitten ttt stent ee ee eee eens NazCOz 64.0 
DREN eM POLstehe (calc "ate wreileavalbl's, «6 2 Ube None 53.5 


*Batch test. 
{Periodic feeding. 


Volatile solids, resulting from a mixture of garbage and sewage 
sludge, as shown in Table 21, were digested in the lime-controlled 
digesters at the rate of 0.06 lb. per day per cu. ft. of tank capacity 
with a 30-day retention period, resulting in the production of a well- 
digested sludge. This rate of gas production was computed from the 
results obtained throughout the entire period of the investigation. 
During the period of intense biologic activity volatile solids were 
digested at the rate of 0.228 lb. per day per cu. ft. of tank capacity. 
When the pH of the digesting contents of a tank was neutralized, 
either by the addition of lime or by the increase of biologie activity 
through the adjustment of temperature, the rate of gas production and 
the digestion of volatile solids was accelerated when the concentration 
of volatile solids in the digesting mixture was in the neighborhood of 
80 000 to 90 000 p.p.m. 

As a result of the investigation of the effect of lime, caustic soda, 
or soda ash on the digestion of a mixture of garbage and sewage sludge 
it is concluded that lime is beneficial as a means of overcoming acid 
digestion. Caustic soda and soda ash will have no beneficial effect 
when applied in amounts less than 2000 p.p.m. where the volatile 
solids in the digesting mixture are above 3000 p.p.m. No tests were 
made in which greater concentrations of caustic soda were added. The 
conclusion that sodium hydroxide is not effective in controlling diges- 
tion corroborates the report made by Rudolfs in 1928.* Unsatis- 
factory acid conditions of digestion may be corrected by the addition 
of an amount of lime computed as the equivalent of the volatile acids 
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present where the volatile acids do not exceed 4000 p.p.m. No at- 


tempts were made to correct acid conditions where there were greater 
concentrations of volatile acids. It is possible that greater concentra- 
tions might be adjusted with lime to produce satisfactory digestion. 

Under favorable conditions the adequate raising of the temperature 
of the contents of a digestion tank may be effective in the restoration 
of satisfactory digestion, but no quantitative measure of the amount 


of temperature rise required for this purpose was determined. , 


V. MISCELLANEOUS INVESTIGATIONS 


A. Digestion of Lumps of Ground Garbage 


q 
* 


. 


27. Purpose—This test was made in an effort to determine the — 


cause of unsatisfactory conditions of digestion in an Imhoff tank fed 
by pushing lumps of ground garbage into the digestion compartment, 
as described in Chapter II, part B, page 28. 
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TABLE 25 
Marteriats Piacep 1n Four-Lirer Dicesters ror Lump Digestion Tests 


Percentage of Percentage of 
Dry Solids, Percentage of | Weight of Dry Weight of Wet 


Weight of Wet Weight Solids in Mix. | Ws 

Material Wet Mixture * ture Repre- Mixture Repre- 
gm. sented by iM A 

Volatile Solids | Volatile Solids 


from Source 


from Source . 
Total Volatile Indicated Indicated 
BEAT DALE. iy. sis erepc-o 018.60 120 26.6 24.8 33.4 1.20 
Fresh Sludge......... 1475 2.56 1.43 23.6 0.85 
Digested Sludge...... 885 2.18 1.63 16.4 0.58 
BEEP ceteris Xs eis =k, We slong 2480 3.60 2°.64 73.4 2.63 


Ratio of dry weight of garbage volatile solids to dry weight of sludge volatile solids: = 45.6 : 54.5 


28. Procedure—Four four-liter brown glass bottles with gasome- 
ters, as illustrated in Fig. 24, were set up in a room in which the 
temperature was held between 80 and 90 deg. F. with occasional 
periods of less than an hour when it fell to 70 deg. These bottles were 
seeded and equipped to operate as “batch” digesters; that is, they 
were not fed after the original charging. 

All of the digesters were charged with the same material, as 
shown in Table 25. The digested sludge was obtained from tank C, 
the heat-controlled separate digestion tank being fed with a mixture 
of fresh sludge and ground garbage. The ground garbage was intro- 
duced into two of the digesters, numbers 77 and 78, in the form of a 
lump, and the sludge was poured carefully into the digester so as not 
to break up the lump. The sludge and garbage were well mixed 
before being poured into.the other two digesters, numbers 79 and 80. 

Observations were recorded on the quantity and quality of gas 
produced, and small samples of the mixture were withdrawn period- 
ically for determinations of odor and pH. The test was conducted as 
a batch digestion, no other materials being fed into the digesters 
during the investigation. 


29. Results and Conclusions—Results of the observations on the 
behavior of these digesters are presented in Fig. 25. 

The favorable conditions of digestion in the lump digesters, high 
pH and rapid gasification, for the first 21 days, were apparently due 
to the digestion of the seeding material. The lump of garbage, expos- 
ing a minimum of surface to the sludge, did not greatly influence the 
rate of digestion of the sludge. After the twenty-first day, however, 
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gration of the lump of garbage, and gasification ceased. The pH then 
rose in the two lump digesters, until on the 71st day it had risen to 
5.8 and 7.0, respectively. j 
The contents of the digesters containing a mixture of ground 
garbage and sludge turned acid immediately, and gasification con- — 
tinued to be sluggish throughout the period of observations. Satis- — 
factory conditions of digestion did not get under way because of in= — 
complete seeding at the start. It is concluded, because of the sudden ~ 
cessation of the production of gas and the sudden establishment of 
very acid conditions in the lump digesters, that the unsatisfactory — 
- digestion characteristics of the Imhoff tank receiving lumps of ground 
garbage were due to the sudden and simultaneous breaking up of an 
accumulation of lumps of ground garbage in such a manner as to 
overload the tank with a mass of undigested volatile material, which 
could not be penetrated by the seeding material without stirring. 


the pH dropped sharply to a low value, probably due to the disinte- 7 
7 

. 

; 


B. Digestion of Large Objects Suspended in Digestion Tanks 


30. Purpose —This investigation was made to determine the effect 
of dumping unground garbage into the digestion compartment of a 
tank. 
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31. Procedure——Various large objects were placed in wire cages — 
and suspended in the sludge in the digestion compartments of the two — 


Imhoff tanks and in the separate digestion tank. The objects were 
withdrawn from the compartments periodically and observed and 


’ weighed approximately. Exact weights were difficult to obtain because — 


of the varying moisture content during weighing. 

The results of the observations are presented in Table 26. A study 
of the data in the table indicates the futility of attempting to feed a 
digestion tank with unground garbage, although some of the objects 
were ultimately digested. The bones and the paper were unaffected, 
and some of the citrus fruit skins remained after more than 80 days 
in the sludge compartment. The small-boned animals, such as the rat 
and the rabbit, showed signs of complete digestion in 90 days. It is 
concluded that for satisfactory digestion in less than thirty days it is 
necessary to grind the garbage and mix it thoroughly and continuously 
with the digesting material. 


C. Anaerobic Digestion of Some Pure Food Substances 


32. Purpose—In the anaerobic digestion of pure food substances 
considerable information, applicable to the digestion of garbage with 
sewage, has been made available by the work of other investiga- 
tors.1® 1% 21 Lack of adequate information on the effect of the con- 
centration of solids in a digestion tank on the digestion of various 
kinds of foods, and on the quantity and quality of gas produced under 
different concentrations of various simple foods, pointed to the need 
of further tests to supply the required data. The development of other 
valuable data was anticipated, with the possibility that a predictior 
of the characteristics of the digestion of garbage might be based upon 
the results of its analysis and a knowledge of the method of digestion 
to be adopted. 


33. Procedure-—Samples of cane sugar, powdered corn starch, ash- 
less filter paper, cotton seed oil, casein, and blood fibrin were each 
divided into three batches weighing, respectively, 15, 35, and 100 
grams, and each batch was added to 1.5 liters of digested sewage 
sludge. Ashless filter paper was used to represent cellulose, powdered 
corn starch and cane sugar for other carbohydrates, blood fibrin and 
casein for proteins, and cotton seed oil for fats. Each of the solid foods 
lost from ¥% to 1% per cent of their weight upon drying for 3 hours at 
100 deg. C. Each of the smaller samples was placed in a 2.5 liter 
bottle, equipped for gas collection, similar to the arrangement illus- 
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© TABLE 27 
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| Nitrogen (ammonia), p.p.m......... 204 B.O.D. (5-day 20 de 
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trated in Fig. 24, and allowed to digest, with frequent shaking, as a 
“batch” test, under the conditions described for Series 7 on page 25. 
During the entire period of observation the bottles stood in the room 
under a temperature variation between 80 and 90 deg. F. 

The sludge used in seeding the foods had the characteristics shown 
in Table 27. Two identical samples of this sludge were digested under 

_ the same conditions as the test batches of pure foods. 

Periodic observations were made on the quantity and quality of 
gas produced, and analyses were made of the materials remaining in 
each bottle some time after gasification had ceased. 


34. Results—Records of the quantities and qualities of gas col- 
lected and solids digested during the tests are summarized in Table 28; 
information with regard to the rate of gas production is shown graph- 
ically in Fig. 26, and results of analyses of the materials remaining in 
the digesters after gasification had ceased are shown in Table 29. A 
study of Table 28 and of Fig. 26 shows that good digestion was indi- 
cated only in the lowest concentration of cellulose, sugar, and starch, 
and in the two lower concentrations of blood fibrin and casein. 

No methane and only 4% per cent CO, was present in the gas 
generated by the digestion of the sludge. The gas was mostly nitrogen, 
which may be accounted for partially by the reduction of nitrates and 
the presence of air. The small amount of carbon dioxide present in 
the gas generated by the digestion of the sludge, and the relatively 
high percentages of methane in the gases generated under conditions 
of good digestion may be explained, in part, by the loss of carbon 
dioxide through the brine seal in the gasometers. This loss was meas- 
ured by a special test which corroborated this explanation of the loss 
of carbon dioxide. 

Most, but not all, of the substances, even at the highest concen- 
trations, digested better than the sludge alone. The results indicate 
that concentrations of less than 2 per cent solids are required for 
complete digestion. It is shown also that all food substances do not 
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digest at the same rate, and that some are more easily digested than 
others. 

' The substances tested may be placed in the following order of 
Telative ease of digestion: (1) cellulose (carbohydrate), (2) sugar 
(carbohydrate), (3) blood fibrin (protein), (4) casein (protein), (5) 
cotton seed oil (fat), (6) starch (carbohydrate). The relative ease 
of the digestion of cellulose corroborates the work of Heukelekian.?® 

The cellulose produced little gas during the first two days. The 
lag was probably due fo the time needed to hydrolyze the cellulose to 
start the slow production of sugar, only a small amount of which was 
present at any time. As a result no sour condition was produced and 
the concentration can be increased without detriment to the digestion 
so long as sufficient liquidity is maintained to permit good dispersion 
of the solids through the mixture. The principal difference between 

the digestion characteristics of the 15- and 35-gram samples was the 

time necessary for complete digestion. The 100-gram sample matted 
and produced more carbon dioxide than methane when the loss of CO. 
through the brine is considered. 

The digestion of sugar also produced a 1:1 ratio of methane to 
carbon dioxide at the lowest concentration, but digestion of the more 
highly concentrated samples was unsatisfactory due to the production 
of acid conditions in the presence of too high a concentration of sugar. 
The 35-gram sample produced a highly explosive gas containing an 
appreciable quantity of hydrogen. The digestion of starch was similar 
to that of sugar. 

The cotton seed oil rapidly produced a scum, and the reaction was 
soon retarded in the 15- and 35-gram samples, and stopped in the 
100-gram sample, some hydrogen being produced at the lower concen- 
trations. 

The proteins behaved remarkably alike. The 15-gram samples 
digested completely, whereas the higher concentrations did not. A 
higher percentage of carbon dioxide was produced as the concentration 
of solids was increased. A trace of hydrogen sulphide was detected, 
and no gaseous nitrogen was formed. The digestion of the proteins 
was accompanied by the production of foul odors, due possibly to the 
presence of putrecine, cadavarine, and skatol. 

The results of these tests indicate the need of further research to 
determine the proportions of sugars, starches, cellulose, proteins, etc. 
in garbage, the possible desirability of the addition of cellulose to 
improve the rapidity of gas production and stabilization in the diges- 
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TABLE 30 
Loss or Gas THroucH GASOMETER SEALS 


Volume of 
Number of Gas in Percentage | Volume COz| Percentage | Volume CH, 
ays Container CO:2z ce. CH, ce. 
liters 
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tion of garbage, the possibility of beneficial or harmful effects on the 
digestion of one substance through the presence of other substances, 
and the determination of the optimum concentrations of the various 
substances for satisfactory digestion. 


D. Loss of Gas through Gasometer Seals 


35. Procedure and Results——As the gasometers used in all investi- 
gations were sealed only with a strong brine solution it was felt that 
some of the gases might have been absorbed in this seal and diffused 
into the air. A test was made, therefore, to determine the rate of loss 
of gas. A sample of gas of average quality was removed from 
one of the digesters and stored in a gasometer. Periodic observations 
were made of the quantity and quality of the gas remaining in this 
gasometer. Results of these observations are given in Table 30. It 
is evident from a study of the figures in this table that very little 
methane is lost through the seal, but that the loss of carbon dioxide 
may be appreciable unless readings are taken at least daily and 
accumulated gas is discharged from the gasometers. The exact rate of 
loss of gas will depend upon such factors as the per cent saturation 
of brine in the solution, the temperature, the area of exposure of the 
surface of the brine solution to the gas and to the air, and the gas 
and barometric pressures. Numerical corrections for these losses have 
not been made in reporting observations on gas collection, but allow- 
ances therefor have been made, where necessary, in drawing conclu- 
sions. In general, the error is appreciable only when the rate of gas 
production is low, because of the relatively infrequent reading of the 
gasometers. At the highest rate of gas production gas volumes were 
measured and the gasometers were emptied two or three times daily. 
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VI. OssErvATIONS on BroLocy or ANAEROBIC STABILIZATION OF 
GARBAGE AND SEWAGE SLUDGE 


36. Purpose——This investigation was made in the hope of finding 
n easily detectable biologic index of the progress of the anaerobic 
tabilization of organic matter. Such an index, if detectable by the 
‘microscope alone, might supply information more quickly and easily 
than the more cumbersome and time- -consuming chemical tests now in 
use. r 


37. Microscopical Examination—Samples of sludges taken from 
the various digesters were examined under the microscope, some with 
and some without the aid of dyes to accentuate the presence of various 
characteristics of the substances examined. Only weak solutions of 
_the dyes were used in order to inhibit as little as possible the activities 
of the living organisms. 

Four dyes were used: neutral red, methylene Bier congo red, and 
Lugol solution. Neutral red was used in an aqueous solution 
(1:20 000) to stain the nucleus of the organisms and to test the 
reaction of food vacuoles. The color change occurs at a pH of 6.8 to 

8.0 and shows yellowish-red for alkalinity and cherry-red for acidity. 
Methylene blue was used in an aqueous solution (1:10 000). It stains 
practically everything in the field from deep blue to various shades of 
green. It has a tendency to concentrate in cytoplasmic granules, and 
to show structures in the nucleus. In the absence of oxygen it loses its 
color, but it cannot be used on microscope slides as an indicator of 
anaerobic conditions in the sample when withdrawn from the digestion 
tank because of the availability of oxygen to the slide. Congo red 
was used in aqueous solution (1:1000) as a test for alkalinity, which 
is indicated by a deep red color, or for the presence of organic acid, 
which is indicated by reddish to red orange to purple shades, or the 
presence of mineral acids, which is indicated by shades of blue, or 
to distinguish living from dead cells. It is stated by Heinrici’® that 
this dye will stain only dead cells. Lugol solution was prepared with 
one gram of iodine and 5 grams of potassium iodide in 500 ml. of 
distilled water. This solution is highly poisonous to organisms, but 
stains them dark and facilitates recognition of number and ee 
ment of cilia or flagella. 

In order to study the possible effect of the unavoidable exposure 
of the organisms to oxygen on the microscope slides, examinations 
were made of samples which had been exposed for various periods of 
time before being protected with a cover glass. The periods of 
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uncovered exposure varied from the shortest possible time required to 
transfer a drop from the anaerobic sample taken from the digestion 
tank, to a prolonged exposure of five minutes. Direct observations 
were made upon unstained samples. The results showed that the 
number of motile ciliata was greatly reduced by the exposure to the 
air. This might indicate that the ciliata observed were obligate 
anaerobes. An increase in the number of organisms would have indi- 
cated that sufficient time had elapsed for the development of vegetative 
motile forms from the cysts of aerobes present in the digesting com- 
partment. The failure of such forms to develop does not prove the 4 
absence of such cysts. However, all of the sludges studied, with one ] 
exception, came from digesters which had been under anaerobic con- ; 
ditions for a long period without the addition of fresh foods presum- — 
ably saturated with oxygen. It is highly probable, therefore, that — 
aerobic protozoa were not present in the samples. Such aerobic chance — 
stragglers as are described by Lackey*? in Imhoff tanks, could not well 
have survived so long under purely anaerobic conditions. Little is 
known of the etiology of anaerobic protozoa, although the various 
actions observed in the anaerobic digestion of organic matter indicate 
their presence. 

Few protozoa were observed in this investigation. All of those 
observed were ciliata of the order of holotrichida. Neither masti- 
gopohra nor sarcodina were observed on any slide, but it is possible 
that they were present and merely escaped detection. No typical 
organisms were detected in the sludges examined, although some 
samples of sludge showed a greater concentration of some unidentified 
organism. = 

An examination of the sludge from the periodically-fed digestion 
tank produced the most interesting results. This sludge was the rich- 
est in protozoa. Holotrichida were present on every slide. Some were 
large, about 30 » in length, probably colpidium, and another species 
about 10 » in length was observed. At one time an abundance of a 
threadlike organism, similar to sphaerotilus, was observed. It was 
noted that in those sludges in which an acid condition existed no 
motile protozoa were detected, but that in some of the sludges small 
organisms, similar to yeast, were present, sometimes budding. In one 
sample of sludge, in an acid condition and with an unpleasant odor, 
several sac-like structures about 6 » in length, filled with various 
shaped particles were observed. They took no stain except from the 
congo red, which dyed them a brilliant red. These organisms showed 
no independent movement nor any arrangement of internal particles. 
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They possessed no flagella nor cilia nor did they show a tendency to 
form pseudopodia. 


38. Bacteriological Examination—Some results of bacterial counts 
on various samples of sludges are presented in Table 31. All of the 
counts were made on nutrient agar incubated for 48 hours at 37 deg. C 
The procedure was such as to make the preservation of anaerobic 
conditions impracticable during the preparation of the dilutions be- 
cause of oxygen present in the diluting water and oxygen absorbed ~ 
during the shaking of the samples to break up particles of sludge. 
During incubation, however, anaerobic conditions were maintained 
on the anaerobic samples. \ 

It is probable that obligate anaerobes cannot survive the prepara- _ 
tion period as they are in the vegetative state when drawn from the | 
favorable environment of the digester, and,.if spore-forming, they do — 
not have time to form spores before a fatal quantity of oxygen is — 
absorbed. The anaerobic counts on these sludges are, therefore, mainly — 
of comparative value between the sludges examined under these spe- : 
cial conditions. They do not represent the absolute number of — 
all anaerobic bacteria present. Dilutions of 1:1000, 1:10 000 and ~ 
1:100 000 were used. 

It is probable that the counts of bacteria in concentrated sludge, 
reported in Table 31, if in error, are low. This is due to difficulties 
in the handling of the thick sludge and in attempting to break it up — 
into a uniform mixture. The resulting counts may probably, there- 
fore, indicate aggregates of bacteria rather than individual organisms. 
Homogeneous samples of supernatant liquor could be collected so that 
the counts in the supernatant are probably more nearly representative — 
of the number of individual bacteria present. 

An attempt may be made to draw tentative conclusions from such 
data, however inconclusive, wherever the ‘indications are in accord 
with a reasonable interpretation of the data. Because of the uniform 
presence of a larger number of bacteria in the sludge than in the 
supernatant liquor it may be concluded that sludge is more effective 
as a seeding material, being richer in bacteria. 

Foul odors in sludge digestion are the product of obligate anaer- 
obes. This conclusion is based on the fact that the anaerobic count 
is greater on all sludges except those taken from the foul-smelling, 
acid tanks. It is probable, therefore, that such conditions are detri- 
mental to aerobes, either as cysts or as vegetable cells, and that 
obligate anaerobes existed to produce the foul odors. 
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Well-digested sludges showed lower bacterial counts than were 
shown by fresh sludges. 

Insofar as the accomplishment of the purpose of the investigation 
is concerned, the results are negative. They do, however, serve to 
explain, in part, some of the biological activities in the anaerobic 
stabilization of organic matter. 


VII. Discussion AND SUMMARY OF CONCLUSIONS 


39. Discussion—Increasing public interest in the possibilities of 
Ss water carriage method for the collection of garbage points to an 
increasing load of pollution to be carried by natural bodies of water 
_ receiving municipal sewage, or by plants designed to treat such sewage 
_ before disposal. Knowledge of the effect of this load upon sewage 
| treatment plants together with information on the proper design of 
_ treatment equipment to care for the load is, therefore, essential to the 
_ designer and to the operator. 

The large amount of work done in the investigation of the anaer- 

_obic stabilization of organic wastes, particularly in the field of the 
disposal of industrial wastes, has been invaluable in the conduct of 
this investigation, which has been aimed towards securing data appli- 
cable in the design of sewage treatment equipment and in the opera- 
tion of sewage treatment plants. The comparatively recent nature of 
the reports of experience with this method of garbage collection and 
disposal in the United States, and the lack of such reports in foreign 
literature, point to ‘the slow adoption of the method since its intro- 
duction in the United States in 1923, and to the lack of its adoption 
abroad. 

The anaerobic digestion of garbage under thermophilic conditions 
is said to be successful in stabilizing the organic matter in a few days. 
Some of the findings of this investigation have pointed to equal 
possibilities for the stabilization of sewage and garbage organic 
matter and point to the possibility of greatly decreasing the customary 
allowances for digestion tank capacities under current practice. 

One of the most promising indications of such a desirable finding 
was given by the test on the control of digestion with chemicals. The 
concentration of volatile solids may be a valuable indicator of opti- 
mum digestion conditions. For example, when the concentrations of 
volatile solids in the digesting mixture in the temperature-controlled, 
separate digesters were in the neighborhood of 80 000 to 90 000 p.p.m., 
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volatile solids were digesting at the rate of 0.23 Ib. per day per cu. ft. 
of tank capacity. At this rate, if it can be assumed that 0.25 |b. of 
combined sewage and garbage volatile solids are produced per capita 
daily, it will be necessary to provide 1.1 cu. ft. of tank capacity per 
capita. In the tests on the elutriation of garbage, it was found that 


2.5 to 4.5 cu. ft. of tank capacity was needed. The difference between — 


the required capacity as found in these two tests may have been — 


caused by a difference in the concentration of volatile solids in the 
test digesters. The loading of a digester depends on the concentration 
of solids in the mixture to be added, together with the nominal reten- 
tion period in the tank. 

If a very short retention period is possible, and the optimum con- 
centration of volatile solids is 9.0 per cent, there will be required, for 
0.25 lb. of combined garbage and sewage solids per capita daily, a 
digestion capacity of 0.1 to 0.2 cu. ft. per capita, dependent upon the 
retention period. If this figure be doubled to take care of daily varia- 
tions from the average, the required digestion capacity will be 0.2 to 
0.4 cu. ft. per capita. This indicates the possibility of designing con- 
trolled, separate digestion tanks with capacities of 10 per cent or 
possibly only 5 per cent of present requirements of capacity in the 
digestion compartment of an Imhoff tank, caring for sewage sludge 
alone. It is to be noted that the possibilities of using such reduced 
digestion capacities are only indicated by these tests. Further inves- 
tigations are required to confirm the possibilities indicated. 

The possibility of operating a tank with a very short digestion 
period is suggested as a result of the observations made during the 
lime-controlled tests and, because of the effectiveness of lime in con 
trolling digestion, it may be possible, after good digestion has been 


established, to feed a temperature-controlled, separate digestion tank 


with any ratio of garbage to sewage volatile solids to the limit of 100 
per cent of either of them. The volume of well-digested sludge pro- 
duced may be expected to be somewhat less than twice the volume 
of the material resulting from the digestion of the sewage sludge alone. 


40. Summary of Conclusions—Conclusions resulting from this 
investigation are based upon observations made during the conduct 


of the tests. Reference is given to the page in this bulletin upon — 


which each conclusion is explained. The following is a summary of 
some of the more important of the observations made: 

(1) The digestion of a mixture of garbage and sewage sludge with- 
out frequent feeding and stirring of the mixture and without periodic 
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withdrawal of the products of digestion was impracticable. The acid 
phase of digestion developed and could not be corrected easily. Batch 
operation, as this may be called, was found to be impracticable except 
for special studies (page 27). 

| (2) The feeding of ground garbage in lumps into the influent end 
of an Imhoff tank was found to be impracticable. Lumps of ground 
! garbage floated across the tank and were ee unchanged, with 
the effluent (page 30). 

(3) The feeding of ground garbage in lumps into the digestion 
compartment of an Imhoff or separate digestion tank was found to be 
impracticable. The acid phase of digestion developed, with consequent 
deleterious results (page 31). 

(4) The feeding of ground garbage, well-mixed with sewage, into 
the influent of an Imhoff tank was found to be successful when the 
rate of feeding did not exceed 1% tons of wet garbage per million 
gallons of sewage. There is reason to believe that this rate could be 
Iaterially increased. Further data on this point are desirable. Sludge 
accumulated at the rate of 2 cu. yd. per million gallons of sewage per 
ton of garbage added to the sewage when retained for one year in 
the digestion compartment. Higher rates of accumulation would 
result from a shorter period of sludge retention (page 33). 

(5) Ground garbage, well mixed with sludge, was fed to a heat- 
controlled, two-stage separate digestion tank, with constant and 
rapid recirculation of the digesting mixture, in which the temperature 
was maintained close to 90 deg. F. The garbage and sewage volatile 
solids were equal in the mixture fed to the tank. The rate of feeding 
was equivalent to 1.67 lb. of volatile solids per day per cu. yd. of 
digestion capacity with a period of retention of 30 days. Such a 
rate of feeding calls for a digestion capacity of 3.75 cu. ft. per capita 
on the basis of the production of 0.115 lb. of garbage volatile solids 
and an equal weight of sewage volatile solids per day per capita. 
Since the capacity of the tank was not reached when fed at this rate, 
further research is necessary to determine the limit of the rate of 
feeding the tank. Indications are that a much shorter period of reten- 
tion may be possible with digestion capacities as low as one-tenth 
of those used in the tests (pages 38 and 84). 

(6) The concentration of volatile solids in the digestion tank was 
a good index of the behavior of the tank and its approach to the limit 
of its capacity. The permissible limit of this concentration was not 
reached at concentrations as high as 8000 p.p.m. Concentrations up to 
80 000 p.p.m. were reached in smaller digesters, and were accompanied 
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by an increase in the rate of digestion of volatile solids (page 38). 
(7) Two-stage digestion compartments in the tank revealed a 
higher rate of gas production in the primary compartment, presumabl y 


_ resulting from the greater accumulation of grease in this compartment nt 


(page 38). q 

(8) It was found that the water-carriage method of the collection 
of garbage added 25 to 100 per cent to the B.O.D. load on secondary 
treatment devices in a sewage treatment plant, and required 20 pel ri 
cent more capacity in a heat-controlled separate digestion tank than 
if the same amount of garbage had been fed directly into the digestion 
tank, together with the sludge from the same amount of sewage 
(page 46). 


(9) When garbage was washed (elutriated) with sewage, between 
23 and 63 per cent of the garbage volatile solids, averaging 34 per 


cent, went into solution or suspension (page 45). 
(10) Elutriated garbage digested as well as garbage which had 
not been elutriated (page 49). 


(11) Garbage grease was somewhat more easily digested than 


sewage grease (page 52). 


(12) Computations, based upon assumptions used in practice and 


upon observations made in the tests, indicated that temperature-con- 


trolled digesters may be operated successfully at a loading equivalent 
to 3.45 cu. ft. of digester capacity per capita when being fed with 
elutriated garbage with fresh sludge, and 2.88 cu. ft. per capita when 


being fed with non-elutriated garbage with fresh sludge. These figures 
are based on a retention period of 30 days (page 53). 


(13) The control of digestion conditions with lime, in a tempera- 


ture-controlled digester, with sludge recirculation, resulted in the peak 
production of 3.0 cu. ft. of gas per day per cu. ft. of tank capacity. 
This rate of gas production continued for only a few days during 
which the concentration of volatile solids in the tank was materially 
reduced. This rate is equivalent to the digestion of 0.23 lb. volatile 
solids per day per cu. ft. of tank capacity. The normal rate of opera- 
tion was 0.06 lb. of volatile solids per day per cu. ft. of tank capacity. 
The sudden acceleration in the rate of digestion occurred when the 
concentration of volatile solids was about 90 000 p.p.m. (pages 65 
and 67). 

(14) Caustic soda and soda ash were found to be of no value in 
overcoming the acid phase of digestion (page 67). 


Or - paper, cane ‘sugar, ‘blood ees casein, potion seed oil, corn 
1 ( sage 77). 7 

The loss of carbon dioxide through the gasometer seals may 
source of error in the interpretation of the volume and quality 
collected (page 78). 

(18) No typical organisms indicative of particular stages in sludge 
on were found (page 83). 

(19) Sludge is probably more effective than supernatant liquor as 
seeding material because of the higher bacterial content of sludge 
(page 82). 

(20) Well-digested sludge showed lower bacterial counts than were 
found in poorly-digested sludge (page 83). 

- (21) It is possible to measure the sizes of particles of aroant 
garbage by means of the test described on page 90). 


APPENDIX A 


LABORATORY PROCEDURE 


1. Laboratory Procedure-—Chemical control of the tests was main- 
tained in the laboratory located about 1000 feet from the testing plant 
and contiguous to the warm room in which the small-scale digestion 
containers were stored. A few bacteriological and biological observa- 
tions were made with the equipment available in the University bac-_ 
teriological laboratory. 

The chemical procedure followed in this investigation was in ac- 
cord with standard methods* except as explained in the following — 
paragraphs, unless otherwise stated in the description of any partic- ; 
ular test. 


2. Total and Volatile Solids—Fifty grams of the sample were — 
placed in a weighed porcelain evaporating dish, and dried on a sand 
bed at 103 to 105 deg. C. Occasionally as long as two days were 
required for the complete evaporation of moisture from garbage. 
After cooling, weighing, and determining the total solids the same 
sample, in the porcelain evaporating dish, was ignited in an electric 
muffle furnace at a temperature of 600 to 800 deg. C. Samples of 
sewage and of sludge were kept in the furnace for about thirty 
minutes, and samples of garbage were ignited for about two hours. An 
error in the determination of the total solids is possible, due to the loss 
of ammonium carbonate while the samples are drying on the sand bed. 


3. Biochemical Oxygen Demand.—The dilution method was used. — 
Distilled water, aerated by blowing through it air which had been — 
passed through a soap solution to remove dust and grease, was used 
as dilution water. Immediately before use 300 p.p.m. of sodium 
bicarbonate (NaHCO;) were added to the aerated distilled water. 
The permanganate modification of the Winkler method was, used 
before and after incubation. The unmodified Winkler method was 
used to determine dissolved oxygen in the blanks. The initial dissolved 
oxygen in all dilutions greater than 1:100 was assumed to be the same 
as that in the blank. 

Samples were usually incubated for five days in a 20-degree incu- 
bator which gave extremes of 2 degrees of temperature variations 
either above or below 20 deg. C. When other periods of incubation 


were used the B.O.D. was corrected to the 5-day basis by the method 
of Theriault.®? 
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4. pH.—The pH was determined by means of a Sanitary District 
| of Chicago colorimetric set which allowed readings from 1.6 to 9.6. 
This set provides compensation for turbidity in the samples. The pH 
on sludges was determined on the supernatant liquor. Concentrated 
samples were diluted with one to three volumes of distilled water.®? 


5. Volatile Acids—Volatile acids were determined by the method 
‘recommended by Buswell.*+ The determination was made on a 200 ml. 
sample, or a sample diluted with distilled water to 200 ml., acidified 
with 2.0 ml. of concentrated sulphuric acid. The sample was then 
heated slowly until 150 ml. were distilled. The distillate was titrated 
with 0.1 N sodium hydroxide, using phenolphthalein as an indicator. 
The concentration of volatile acids, in p.p.m., as acetic acid, was calcu- 
lated from the milliliters of sodium hydroxide solution used in the 
titration. 


6. Grease—Grease was determined by placing a known weight of 
a dried sample in a continuous extractor of the Soxhlet type and wash- 
ing it with petroleum ether for six to eight hours. The sample was 
dried on a 105-deg. C. sand bed, and weighed. The loss in weight was 
considered to represent the grease present in the sample. 


7. Gas Analysis—Gas analyses were made in a Williams appa- 
ratus of the Orsat type. The sample was first passed through a strong 
solution of potassium hydroxide, the loss in volume being reported as 
carbon dioxide. The gas residue from the determination of carbon 
dioxide was passed through an alkaline solution of pyrogallol, the loss 
in volume being reported as oxygen (O,). The gas residue was then 
stored in the pyrogallol tube, except for a measured portion of 8 to 9 
ec., which was mixed with ten times its volume of air and exploded. 
The gas residue following the explosion was passed through the 
potassium hydroxide solution, and the loss in volume reported as the 
amount of methane present in the 8 to 9 cc. sample. Hydrogen was 
determined from the expression 


Hydrogen = 2/3 (C-2M) 
in which 
C is the volume of the contraction due to the explosion 
M is the volume of methane 
Nitrogen was reported as the difference between the volume of 
the original sample and the sum of the volumes of carbon dioxide, 


methane, and hydrogen present. 


oF DL ws. 


APPENDIX B 


THE DETERMINATION OF Sizes OF PARTICLES IN Grounp Garpac *e 
x, 


“The sizes of the particles of garbage which passed ese 
grain grinder and through the meat grinder were determined i 
manner similar to the standard sieve analysis of sand. In making t 
determination a number of sieves were tied together, open both top 

and bottom, and submerged in a metal container filled with distilled 
© water, as shown in Fig. 27, with the rim of the top sieve protruding | 
above the surface of the water. A kilogram of wet garbage was placed 
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on the top sieve and the whole set moved up and down about two 
aches, in jerky, rotating movements, without submerging the rim of 
the top sieve. As each sieve was washed free of particles small enough 
to pass through it, the set was pulled up an amount equal to the 
poet of one sieve, and the motion continued. When the screening 
vas complete the sieves were separated and the solids retained were 
emoved by a spatula and a small stream of wash water. These solids, 
together with the wash water, were dried at 100 deg, C. and the dry 
eight determined. The water remaining in the metal container was 
agitated violently and a liter sample taken to determine the percent- 
age of solids passing through the finest screen. As a check on the 
dry solids in the sample taken for the screening test, a separate 
‘determination was made on a representative sample of garbage to 
learn the amount of dry solids in a kilogram of garbage. The sum of 
all solids determined in the screening test varied 1.6 per cent from 
the computed dry solids in a kilogram of garbage. The average 
results of two typical analyses of garbage ground in the grain grinder 
and garbage ground in the meat grinder are presented graphically in 
Fig. 28. 
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APPENDIX C 


ConpiTions AFFECTING DIGESTION 


1. Test Procedure—lIn the conduct of these tests it has been at- 


tempted to observe all conditions which might affect the test, to— 
observe and record the conditions which were not controllable, to — 


i 


hold constant all but one of the controllable conditions, and to record 
the results caused by the variation of the particular controllable condi- 
tions. 

The number of recognized conditions affecting the digestion of 
sewage sludge and organic matter, such as waste food, is large. 


Se | 


Among the conditions which were controlled in these tests, either 


closely or approximately, may be included 

(1) The temperature of digestion 

(2) The period of digestion 

(3) Agitation of the contents of the digesting tanks 

(4) The manner of dosing the tanks 

(5) The source of the sludge 

(6) The solids content of the digesting mixture (very limited 
control) 

(7) The fineness of grinding of the garbage 

(8) The ratio of garbage solids to sewage solids in the digesting 
mixture 

(9) The concentration of solids in the digestion tank 

(10) The amount and character of added chemicals 
Among those conditions which were but slightly or not at all under 
control may be included 

(1) The quality of the garbage 

(2) The quality of the sludge 

(3) Biological conditions 

(4) The quantity and quality of sludges, liquors, os and 
effluents produced 


2. Temperature of Digestion—In most of the tests involving the 
digestion of sludge-garbage mixtures temperatures within a few 
degrees of 90 deg. F. have been maintained. This temperature was 
chosen on the basis of the results of previous investigations, particu- 
larly those reported by Fair and Moore®* and by Heukelekian®® 37 in 
which the optimum, non-thermophilic range of temperature is fixed as 
within a few degrees above or below 33 deg. C. 
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| separate digestion tank, tank C, has been maintained within two 


— 
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The control of the temperature of the contents of the largest 


degrees of 90 deg. F., with but few brief periods above or below this 
point. A few times during the first few weeks of the investigation the 
temperature rose to a maximum of about 120 deg., and less fre- 
quently fell to 70 or 75 deg. During the last nine months of the inves- 
tigation no appreciable variations of temperature above 92 deg. or 
below 88 deg. ever occurred in tank C. 

During the first year of the period of investigations the tests in 
55-gallon casks, 5-gallon carboys, and smaller bottles were conducted 
in rooms in which the temperature was not controllable. The tempera- 
tures in these rooms varied between about 20 deg. and 105 deg. F., 
commonly being in the range between 65 and 85 deg. For two or three 
months during the first winter, however, the contents of the digesters 
were below 50 deg. F. and were observed, at times, to be frozen solid. 
Results of these tests are, therefore, not reported. 

During the last nine months of the investigation the smaller 
digesters were stored in a room in which the temperature was held 
between 80 and 90 deg. F. with occasional short periods of one-half 
hour to one or two hours when it was permitted to fall to 70 deg. F. It 
is thought that these brief periods of lower temperatures had no appre- 
ciable effect upon the results of the tests. 

No attempt was made to control the temperatures in the digestion 
compartments of the Imhoff tanks. These temperatures were deter- 
mined by the temperature of the incoming sewage, and by the 
surrounding atmospheric temperature, and were observed regularly. 
Records of the temperatures are reported in the discussion of the 
results of this phase of the investigation. 


3. Period of Digestion—Thirty days was taken as the standard 
digestion period for the separate sludge digestion experiments involv- 
ing continuous feeding. Not all tests were run at this period, how- 
ever, as experience has shown that garbage and sludge mixtures can 
be satisfactorily digested, under favorable circumstances, in less 
time.» 4 The period was controlled by feeding the digester with a 
charge, the volume of which was equal to the product of the volume 
of the container, the period between doses in days, and the reciprocal 
of the period of retention in days. In some tests one charge was 
placed in the digestion container and allowed to react without addition 
of other material throughout the duration of the test. Some of these 
batch dosing tests were continued for more than ten months. 
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The period of retention of sludge in the digestion compart eae 
of the Imhoff tanks varied in accordance with the observations. The 
capacity of the compartments was sufficient to permit more than 12 
months storage of the sludge accumulated. 


4. Agitation—Experience has shown that the mixing of the con- 


tents of a digestion tank is conducive to more rapid digestion. Agita-— 


tion aids in maintaining an alkaline condition by mixing the incoming 
fresh solids with a well-buffered mixture in the tank. Stirring serves 


also to break up scum and to keep solids surrounded with liquid, thus © 


enhancing digestion. 
In this investigation the contents of the large digestion tank, 


tank C, were continuously circulated by means of a centrifugal pump, ' 


as described on page 34, the rate of circulation being such as to turn 
over the contents of the tank once in about 134 hours. In the prelim- 
inary tests, in which small containers were used without continuous 
feeding, the contents of one set of bottles was stirred by turning the 
bottle over daily, without violent agitation of the contents. As this 
method of stirring was not found to be altogether satisfactory the 
stirring was accomplished in subsequent small-container investigations 
by means of violent shaking or with bent stirring-rods inserted in 
the container. The straight portion of the rod passed through a 
packed joint in the container and the rod was pulled vigorously back 
and forth in the tanks at frequent intervals. These stirrers are 
illustrated in Fig. 6. 


5. Dosing —Three different methods were used for the dosing of 
the Imhoff tanks: In the first series of tests the ground garbage was 
thrown into the inlet end of the flowing-through compartment. The 
second series tests were made by pushing batches of ground garbage 
deep into the digestion compartment of the tank. In the third series 
of tests the tank was fed by mixing the ground garbage with the 
incoming sewage and. applying it slowly so that about 8 hours were 
required for the application of the charge. 

In dosing the periodically-fed separate digestion tanks the charge 
of ground garbage was mixed intimately with the desired amount of 
fresh sludge, and the batch introduced into the digestion container at 
one time, thereafter being well mixed with the material already in 
the container. Those digestion containers which received their charge 
only at the start of the series of observations received the desired 
amount of an intimate mixture of garbage and sludge, except in one 
series of observations, in which a lump of ground garbage was 
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In one series of tests large undisintegrated organic objects were 
suspended in the sludge digestion compartments of the Imhoff tanks 
and of tank C. 


6. Source of Sludge—Fresh sludge was collected by allowing 
sewage to flow through tank D, a plain sedimentation tank, illustrated 
in Fig. 3. The sludge’ was removed 2 to 3 times weekly by hydro- 
static pressure and pumped directly into the separate digestion tank. 


7. Fineness of Garbage Particles—Although the fineness of the 
particles of organic matter to be digested might be expected to affect 
the characteristics of the digestion process, no reports of tests on this 
factor have been found in the literature. The sizes of the particles of 
ground garbage used in this investigation, unless otherwise described 
in the text, are shown by the curves in Fig. 28. No attempt was made 
to use particles of a size different from that shown in Fig. 28, except 
in one series of tests on the rate of digestion of unground particles. 


8. Ratio of Garbage to Sewage Solids—The proportions of garbage © 


to sewage solids in the digestion mixtures were ordinarily based upon 
the volatile solids present and not upon the total solids. The prin- 
cipal mixtures tested in the preliminary observations were in the fol- 
lowing proportions by weight of volatile garbage solids to volatile 
sewage solids: 


Per cent weight of volatile garbage solids.... 100 80 60 40 20 0 
Per cent weight of volatile sewage solids.... 0 20 40 60 80 100 


As it was not feasible to determine the volatile solids in the gar- 
bage and sludge before making the mixture it was customary to mix 
those total weights of fresh garbage and sludge which it was expected 
would give approximately the desired proportion of volatile solids of 
each kind in the mixture. The exact ratio was determined after the 
mixture had been made. It was thus possible to prepare the mixture 
and to commence observations on its digestion while the materials 
were still fresh. 

On the basis of the average rent in North American cities, given 
in Table 32, it was assumed that the average daily per capita produc- 
tion of dry volatile garbage solids is about 0.11 pound, and of dry 
volatile sewage solids about 0.115 pound. These amounts of dry 
volatile garbage solids and dry volatile sewage solids have been used 
in translating digestion tank capacities to population loads. 
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TABLE 32 
AssumMEp AVERAGE QUANTITIES AND QUALITIES OF GARBAGE 
AND SEWAGE Sotips Propucep In NortH AMERICAN 
Crtips PER CAPITA PER Day 


SOWA We dina Neat sco cusve.ctsleane ine eietels aie hee ole oii nates 100 gallons 
Plain sedimentation sludge. ........-+++-eeceseer> 3.3 pounds 
Dry solids in sludge.cay ... oss ser pret ne ee ee a ole 5 per cent 

Volatile solids in dry Sludge... nase <2 vnc sineisios = + 70 per cent 
GATDAE hd Mee o.-: sacs e les w cial te © Oho, Tze ree Siete eles % pound 

Dry SOlids 1m @arbage. sivas so.c eeisies ao lalate ond sca oms 25 per cent 
Volatile sO0Hds im dry garbage). cn... mee a eritise = 90 per cent 


The data in Table 32 indicate that approximately 24% tons of wet 
garbage may be collected daily per million gallons of sewage produced, 
and that if all of the garbage thus collected is put into a separate 
digestion tank with all of the sludge collected by plain sedimenta- 
tion from this sewage, the volatile garbage solids in the digestion tank 


will exceed the volatile sewage solids in the tank, in a ratio of about 
1.4:1. 


9. Solids Concentration in Digestion Tank—The concentration of 
solids in a digestion tank, above a high limit, has been found to affect 
materially the characteristics of the digestion. Rudolfs*® has set the 
upper limit as 15 per cent. In this investigation no attempt has been ~ 
made to study or control the solids content of the digesting mixtures 
except in one series of tests devoted to the digestion of simple 
organic compounds. In general, the procedure has been to prepare 
mixtures in which the concentration of solids was well below the 
maximum permissible for good digestion and to make periodic obser- 
vations of this factor. In some of the preliminary batch tests and in — 
some tests in which an attempt was made to overload the digester, the — 
concentration of solids exceeded this limit. 


10. Added Chemicals—The effect of chemicals on the process of 
sludge digestion has been studied by a number of investigators. 
Weldert** in 1910, Guth and Keim®® in 1912, and Bach*” *# in 1912 and 
1924 reported that sodium nitrate will shorten the time required for 
the digestion of fresh sewage solids. Schaetzle*? in 1924 reported that 
the use of lime would aid in more rapid digestion of fresh sewage 
sludge. Fair and Carlson** in 1927 studied the effect of lime, marble 
dust, soda ash, caustic soda (sodium hydroxide),- and dolomite on 
the rate of digestion, and reported that calcium carbonate and lime 
reduce digestion time. Rudolfs and associates** 4 4% 47 investigated 
the effect of lime, sodium nitrate, sodium hydroxide, calcium hypo- 
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hosphate, calcium carbonate, and sodium thiosulphate. They found 
that lime and sodium nitrate caused more rapid digestion of sludge. 

Chemicals were used in the experimental digestion of food wastes 
by Rudolfs and Heukelekian* in 1928, when they added lime to 
digesting mixtures of kitchen wastes and sewage sludge, and by 
Keefer and Kratz** in 1934 when they controlled the pH of their 
mixtures of garbage and sewage sludge with lime. 

In this investigation a series of tests was made to determine the 
effect produced on digestion by the addition of lime, soda ash, and 
sodium hydroxide. 


11. Quality of Garbage—tThe dry volatile solids in the garbage 
used in this investigation represented approximately 95 per cent of 
the total solids. Since the garbage used in this investigation was richer 
in organic matter, because of its careful selection, then normal munic- 
ipal garbage, it has been assumed that the loads on the test digesting 
equipment were greater than those to be found in normal practice, 
and the conclusions based upon these loads are, therefore, conservative. 

Other investigators have made tests of the digestion of simple 
organic substances?” 2+ 4% °° such as casein, starch, cellulose, etc. as 
well as peas, carrots, beans, meat, and other substances. These tests 
have been supplemented in this investigation by studies of the diges- 
tion of cellulose, sugar, starch, cotton seed oil, blood fibrin, and casein; 
and an attempt has been made to correlate the findings therefrom with 
the results found in the digestion of garbage. 


12. Quality of Sludge—Measurable characteristics of sludge which 
may affect digestion include: pH, per cent of total and volatile solids, | 
B.O.D., fats, and nitrogen content. Other characteristics which may 
affect. digestion include the presence of industrial wastes or similar 
substances, as well as the kind of sludge, such as fresh material from 
a sedimentation tank, well digested sludge, activated sludge, and 
chemically precipitated sludge. 

In this investigation only fresh sludge collected by plain sedimen- 
tation was used in practically all of the tests, and the measurable 
characteristics listed were determined. No information has been 
developed, therefore, on the effect of different qualities of sludge on 
the digestion of garbage. ; 
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APPENDIX D 


MEASURES OF DIGESTION 


1. Sludge Digestion —The digestion of organic matter, as observed 
in these tests, involves physical and chemical changes brought about 
by biological action in the material. The principal physical indices 
of digestion are the ebullition of gas and changes in the texture, color, 
and odor of the sludge. Laboratory tests show a great variety of 
chemical and biological changes. Various attempts have been made 
to select quantitative measures, or parameters, which would indicate ~ 
the progress and the nature of the digestion. The following laboratory 
tests were used in this investigation to aid in the control of the 
digestion and some were used as parameters thereof: 

(1) Gas production, quantity and quality 
(2) Solids, volatile and fixed ; 
(3) B.O.D. 

(4) Acidity and pH 

(5) Volatile acids 

(6) Grease 

(7) Sludge characteristics 

(8) Odor 


2. Quality of Gas—tThe principal gaseous products of the biolysis 
of organic matter are methane and carbon dioxide. These two gases 
normally form more than 95 per cent by volume of the gas evolved. 

It was generally assumed that the higher the percentage of methane 
in the gas the better the quality of the digestion. This is not an invari-* 
able index, but it is of value as a rough measure of digestion. Buswell 
and Boruff*® state that sour and foaming tanks produce less methane 
and greater percentages of carbon dioxide than normally operating 
tanks, and Rudolfs*® reported low methane, high carbon dioxide, and 
high nitrogen for the first stage of digestion during which gasifica- 
tion had not attained a high rate. In a few of the routine observa- 
tions only the quantity of carbon dioxide was determined, it being 
assumed that the difference between this and 95 per cent of the total 
volume of the sample indicated the percentage of methane present. 


3. Rate of Gas Production—The maximum amount of gas which 
can be produced by the digestion of sewage and garbage solids is in 
the neighborhood of 15 to 18 cu. ft. per pound of volatile solids 
digested.*° The production of this amount of gas in any test was 
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assumed to indicate the completion of biologic digestion. The produc- — 
tion of smaller amounts of gas was assumed to indicate incomplete 
r unsatisfactory digestion, dependent upon the percentage of methane 
produced. 

Since gas is produced as a result of biological activity it was 
assumed in these tests that the rate of gas production was a direct 
measure of the rate of digestion. Observations of the amount of gas 
produced were made periodically, and the records were both tabulated 
and plotted graphically during the tests. They were considered to be 
fihe most valuable and precise parameters of the progress of digestion. 


4. Solids—tThe liquefaction and gasification of solids may be the 
principal objective in the addition of garbage and sewage sludge to a 
separate digestion tank. It is to be expected, therefore, that the estab- 
lishment of a constant ratio between the solids in the tank and the 
solids added to the tank will indicate that constant conditions have 
been established in the tank for the particular rate of dosing. It has 
been assumed that only the volatile portion of the solids is gasified or 
liquefied. Hence, it is to be expected that a constant ratio of volatile 
and total solids will be reached when the tank is operating at its 
rated load. 

Because of the importance of knowledge of the volatile and total 
solids contents of the digesting mixtures observations of these indices 
were made a routine procedure. 


5. Biochemical Oxygen Demand.—The pollution load placed upon 
a sewage treatment plant or upon a natural stream may be measured, 
in part, by the biochemical oxygen demand (B.0.D.) of the material 
discharged into the plant or into the stream. Because of its wide use 
as a parameter of the amount of treatment required by sewage, the 
efficiency of the treatment given, and the volume of diluting water 
necessary to prevent putrefactive conditions in a stream, the B.O.D. 
was, in these tests, considered to be a valuable measure of successful 
performance by a digestion tank. 

Routine observations were made of the 5-day, 20-degree B.O.D. 
and are reported in these terms. In a few cases in which other periods 
of incubation were found to be convenient, the results were converted 
to the 5-day basis, by Theriault’s method.*” °* 


6. Acidity and pH. —The pH value has generally been considered 
an important index of digestion; the optimum value being within one 
or two tenths of neutrality. It is generally to be expected that with 
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low pH values little digestion will occur, the carbon dioxide conte 
of the gas evolved will be relatively high, and the odors of digestion 
will be offensive. Bach?‘ stated that methane fermentation required a 
pH between 7.2 and 7.6. Fair and Carlson** found that the optim 

pH increases during the course of digestion from an initial value of 6.8 
to about 7.2. Heukelekian®? has pointed out that in spite of the rela- 
tively low ionization of fatty acids resulting from the hydrolysis of 
insoluble organic substances such as fats, cellulose, some proteins, ete. 
they may accumulate in such quantities as to cause the pH to drop 
to as low as 5.9. The pH values were observed, therefore, in all tests 
as a routine procedure. 

It was found possible, under certain circumstances, to have an 
alkaline reaction in the digestion containers as indicated by the pH 
tests, and also to have an appreciable concentration of volatile acids. 
The total acidity was measured occasionally but it was not used as a 
routine observation to aid in the control of the digestion. 


7. Volatile Acids—In the production of gas during the decomposi- 
tion of organic solids there is first a combination with water to form 
the simpler organic acids such as acetic, propionic, etc. and these acids 
then decompose to give methane and carbon dioxide. Buswell states: 
“The limit of acidity for smooth continuous fermentation has been 
found for most materials to be about 2000 p.p.m. calculated as 
acetic.’”’* °§ Routine observations have been made, therefore, to deter- 
mine the volatile acids concentration in the digestion containers and 
to maintain concentrations below this limit. 


8. Grease —All material soluble in petroleum ether has been. Ye- 
ported, in this investigation, as fats or grease. The grease content ot 
garbage is an indicator of its possible value in garbage reduction 
processes, and is also an indicator of the probable scum-forming 
characteristics of the ground material when discharged into an Imhof 
tank or separate. sludge digestion tank. Many investigators have 
reported that grease digests readily.°* Neave and Buswell®® state: 
“1. In the acid type of sludge digestion, a rapid destruction of greasé 
and calcium soaps occurs with the production of lower fatty acids 
2. Some of the lower fatty acid ferments further to give methane 

. 4. The rate of fermentation, as measured by gas production 
is roughly proportional to the grease content of the solids, a scum higl 
in grease content being the most vigorous gas producer.” They re. 
ported also** “grease (soaps and fats) has been shown to be at 
important sludge component in that it digests to lower fatty acids 
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methane, and carbon dioxide. The lower acids also have been shown 
to yield methane and carbon dioxide. Other studies . . . . show that 
58 per cent of the total gas can be attributed to grease digestion.” 

Since, therefore, there is a rapid decomposition of grease in the 
normal process of sludge digestion the determination of the grease 
content of digesting solids should be a valuable measure of the rate of 
digestion. Observations of the grease content of garbages and sludges 
used and produced in these tests were made periodically, and are 
used in the interpretation of the results. 


9. Sludge Characteristics—The physical characteristics of well- 
digested sludges*’ which are comparatively easy to dry and to dispose 
of without nuisance include a relatively high solids content and a 
relatively high percentage of ash as compared with these constituents 
in poorly-digested sludge, a black color, a typical, inoffensive, garden- 
soil odor, and quick drainability. Desirable chemical characteristics 
include a pH value between 7.0 and 8.0, a high nitrogen content, and a 
low grease content. Observations were made of some or all of these 
characteristics where considered necessary for the interpretation of the 
results of a series of tests. 


10. Odor—Methane, carbon dioxide, nitrogen, and hydrogen are 
the principal gases given off by the biologic digestion of organic matter 
and all of these are odorless. Unsatisfactory conditions of digestion 
are indicated by the production of hydrogen sulphide, skatol, indol, 
mercaptans, and other substances, mere traces of which will impart 
intense, characteristic, highly offensive odors. The presence of these 
odors in the sludges or gases produced by digestion is probably the 
quickest and most easily found index of unsatisfactory digestion. 
Observations of odor were made as routine procedure in the progress 
of the tests. 


APPENDIX E 


INVESTIGATIONS OF BroLocic DicEsSTION oF INDUSTRIAL 
ORGANIC WASTES 


Studies of the biological decomposition of industrial wastes have — 
- resulted in the publication of numerous reports during the past ten 


years. Morgan and Beck,®® in 1928, reported their studies of the effect 
of the addition of brewers mash and other carbohydrate wastes on 
the operation of an activated sludge plant, and reference is made to 
studies by Scott®® at Bury, Eng. on the effect of milk wastes, starch, 
brewer’s yeast, and glucose added to activated sludge. Hatfield,®° in 
1930, as a result of a study of the disposal of beer slop, made the 
significant statement: “The digestion of sewage solids in 2-story 


Imhoff tanks, in separate sludge digestion compartments, by aeration, ~ 
or by sprinkling filter, is easily disturbed by a change in the acidity 


of the medium or the introduction of organic matter which may 


change the character of the fermentations and oxidations taking place 


in the process.”’ It is evident from this statement that an apprecia- 
tion of some of the factors involved was beginning. 


In 1931 Warrick*! and Lanphear®? of Wisconsin reported on the — 
effect of certain industrial wastes, particularly pea-canning wastes, on ~ 


municipal sewage treatment plants, and attempts at the biological 


treatment of creamery wastes have been reported by various investi- — 
gators.®* ®* In the same year Eldreidge and Mallman® reported upon 


the biological decomposition of strawboard wastes, and in 1935 


Knechtges, Dawson, and Nichols®* reported the results of experience . 


on the digestion of packinghouse waste with sewage sludge. = 


Tests on the decomposition of organic substances were reported by — 
Van Suchtelen® in 1931. Among his published reports are to be found — 


the following statements: 


its 


. anaerobically generated substances, such as wax, paraffin, — 


oil, fat, peat, and wood are broken down predominantly in an aerobic — 
way. Such substances possess a reduced oxygen content due to their — 


mode of formation. Their relatively low density causes such sub- 
stances to float at the surface of the water, where oxygen is available 
and an aerobic decomposition results. Substances which owe their 
existence more definitely to aerobic conditions such as oxygenated 


cellulose, starch, and glucose are susceptible primarily to anaerobic — 


decomposition. After the oxygen in such compounds is reduced by 


biological action so that further transformations must cease, these 
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materials and fermentation products may also rise to the surface of 
the liquid, where they are aerobically attacked and further broken 
down . . . . it may be possible to control the environment so that the 
biochemical decomposition will take place in the proper phase, either 
robe or anaerobic.” 
_ Buswell and associates have published extensively the results of 
investigations and studies on the biological stabilization of organic 
“matter, with particular reference to the treatment of industrial 
wastes.1® 54 4% 58, 68, 69, 70,71 Tn their work they have made tests on 
“materials similar to domestic garbage under conditions similar to 
those in a sewage treatment plant receiving such wastes. They have 
reported on the extent of bacterial degradation, the quantity and 
quality of gases evolved, and the character of the resulting sludge. 
They have shown that sewage grease and soap are decomposed during 
the normal alkaline digestion of sewage sludge as well as during the 
acid phase. 

Pearson and Buswell” state that acid sludge digestion is an unde- 
sirable condition where the purpose is the anaerobic stabilization of 
the organic solids, and that the sole aim of studies of such digestion 
should be directed towards its prevention and remedy. 

Neave and Buswell®* in drawing conclusions with respect to acid 
digestion, state: “1. In the acid type of sludge digestion a rapid de- 
struction of grease and calcium soaps occurs with the production of 
lower fatty acids. 2. Some of the lower fatty acid ferments further 
to give methane. 3. Proteolysis is hindered by the low pH and, as a 
result, the sludge is not well digested. 4. The rate of fermentation, as 
measured by gas production, is roughly proportional to the grease con- 
tent of the solids, a scum high in grease being the most vigorous gas 
producer. 5. Cellulose is believed to undergo little, if any, digestion 
during the ordinary sludge-digestion period.” 

Boruff and Buswell,”° in a general discussion of the digestion of 
organic wastes, state: “Danok’® suggests a pure culture method of 
decomposing such wastes. He states that the success of his method 
depends on the use of a sterile waste and a pure culture of specific 
bacteria. A British patent (284 267 Jan. 26, 1927) outlines a process 
for the aerobic or anaerobic decomposition of such wastes by the 
addition of butane-destroying organisms . . . . Hatfield®° after study- 
ing the rate of settling and gasification of Commercial Solvent beer 
slop waste, reported that when diluted with 6 to 13 parts of sewage the 
solids were easily settled out . . . . that the sludge was readily settled 
with sewage solids and that it produced the same quantity and quality 


\ nie oH t quality of gas Faiaites eae r | 
_ decomposition of organic matter Boruff snd ‘Buswell onc! 
the quantity of gas and its methane content depend on. the 
a Carbon: Oxygen: Hydrogen: Nitrogen in the organic material | ea 9 
decomposed. 
Sewage screenings are similar in character to garbage in that tl 
consist of relatively fresh organic solids other than those fot 
human excrement. Some research has been pursued in the biol 
digestion of such material and has been reported upon within the | 
five years.®* 54 74, 75, 76, 77,78 Nishihara’? reported, in 1935, on the di 
tion of human fecal matter with garbage with control of some of the 
conditions of digestion. 
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